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ABSTRACT

Retention policy for U.S. Navy wholesale inventories in long
supply has been in a state of flux and under Congressional scrutiny
since 1985. This thesis analyzes and compares the U.S. Navy's
current economic retention process to four mathematical Economic
Retention Decision Models designed to assist in making retention
determinations with respect to excess inventories. The motivation
for this research was based on several factors, the two primary
factors were; the Navy does not currently use a classical economic
retention decisicon model when making retention/disposal decisions
for *essential" material, and U.E£. Navy inventories in long supply
were estimated to be as high as 3.4 billion dollars in March 1993.
A Pascal based simulation was developed to compare the Navy's
retention process and the mathematical models. The comparison was
based on performance with respect to the Measures Of Effectiveness
(MOE) of Total Cost and Average Customer Wait Time. The simulation
was designed to emulate the portions of the Navy's consumable item
inventory management system (UICP) applicable to the demand.proceé$
for a Navy managed consumzble item. The goal of this research was
to determine how effective the Navy's retention process was &as
compared with economic retention decision models for both a steédy
state and a declining demand environment. In general, results
showed that at least one mathematical model performed better than
the Navy's process for all demand scenarios that were simulated and

!
that the ideal model varies between demand scenarios and changesg in

decision maker's emphasis on the MOEs.




THESIS DISCLAIMER

The reader is cautioned that computer programs developed in
this research may not have been exercised for all cases of
interest. While every effort has been made, within the time
available, to ensure that the programs are free of
computational and logic errors, they cannot be considered

validated. Any application of these programg without

additional verification is at the risk of the user.
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EXECUTIVE SUMMARY

QVERVIEW: Retention and disposal policy for U. S. Navy
wholesale inventories in long supply has keen in a state of
flux and under congressional scrutiny since 1985, Comments
from che Chief of the Supply Corps on 19 July 1993 indicated
that one of the preeminent issueg regarding - » future of the
Supply Corps was inventory reduction. 2 stated that
inventory reduction is "a congressionally mandated process and
a fiscal necessity .... we must continue to aggressively
pursue inventory reductions in an intelligent manner*, and
that it “demands our immediate and continuous attention,"!

An important aspect of inventory reduction is the
retertion/disposal process for excess material. This thesis
evaluated the effectiveness of the Navy's UICP eccnomic
retention model. The evaluation was performed by comparing
several mathematical economic retention models with the Navy's
existing retention model.

There were three primary factors that motivated this
thesis. First, the Navy Inventory Control Points (ICP) are
not confident that eight vears worth of forecasted annual
demand is an appropriate inventory retention level. Second,

with continued budget reductions and reductions in the size of

'Naval Supply Systems Command, Subject: Naval Supply
Corps FLASH from the Chief, No. 7-93, 19 July 1993,

viii

b S e e R A 3 TG e e AN e e e gt e W R
R ST 2 T St R e B L e e T AR R




the Fleet, excess inventories will continue to be a financial
and administrative burden. For example, as of March 1993 the
Navy held $1.9 billion in Economic Retention Stock' and $1.5
billion in potential excess inventory for 1H, 3H and 7 COG-
material. Finally, DOD Regulation 4140.1-R recommends that
better analysis supporting retention decisions be done through
the use of economic retention decision models. The Navy does
not currently use a classical economic retention decision
model when making retention and disposal decisions for
"essential" material.

ANALYSIS: An analysis of the models was performed for a
variety of demand scenarios in beth steady state and declining
demand situations. The analysis was designed with two
objectives in mind. The first objective was to determine
which model (s) were most effective in a demand environment
similar to the Navy's stochastic demand environment. The
second objective was to evaluate how the Navy's retention
process performed with respect to the mathematical models.

A discrete event Monte Carlo simulation of the Navy's UICP
demand process and the mathematical retention models was

developed to evaluate the performance of the models. The

'Economic Retention Stock (ERS) is that material which is
more economical to hold for future requirements as opposed to
disposing and reprocuring in the future.

‘Cognizant symbols (COG) are two character alpha-numeric
codes which identify and designate cognizant inventory
managers who exercise supply management over a specific
category of material.




simulation was developed by the author and LT Glenn
Robillard:, and was designed to emulate the portions of the
Navy's Uniform Inventory Control Program (UICP) applicable to
this research. The simulation represents the demand process
cf a hypothetical Navy managed consumable item. The
evaluation of the models' performance was based on the
measures of effectiveness (MOE' of total cost (TC) over a
specified period of simulation time and average customer wait
time (ACWT) per requisition for all requisitions which occur
over a specified period of simulation time.

The mathematical models chosen for this research were
based on their applicability to the Navy's excess inventory
problem and the simulation. The mathematical models chosen
were Simpson's "Economic Retention Period Formula®", Tersine
and Toelle's simple "Net Benefit" model and present value “Net
Benefit* model, and the simple "Net Benefit" model modified to
account for the potential for stockouts associated with Navy
managed items.

The analysis and performance comparisons of the models
were based on MOEs calculated from output data from the
simulation for six basic demand scenarios. The demand
scenarios were based on varying combinations of unit price,

mean quarterly demand and variance of mean quarterly demand.

LT Robillard is a U.S. Navy Supply Officer and
graduate student at the Naval Postgraduate School studying
Operations Research.
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For each demand scerprario four retention scenarios were
analyzed using the simulation. The four retention scenario
analyses follow. A Total Cost Analysis was performed to
determine what the true optimal amount of inventory to hold
was for a given quantity of initial excess inventory. A
Constant Demand Analysis was performed to compare the various
models to the theoretically optimal retention quantity that
was determined during the Total Cost Analysis. A Declining
Demand Analysis was performed to compare the models under
three scenarios of declining mean demand patterns. Finally,
Sensitivity Analysis was performed for four combinations of
demand scenarios and declining mean demand patterns. The
parameters evaluated in the Sensitivity Analysis were
inventory holding cost rate, obsolescence rate, administrative
order cost rate and salvage rate.

CONCLUSION: The findings of this research showed that none
of the models analyzed consistently yielded the lowest total
cost and ACWT for all of the demand and retention scenarios
examined. As a group, the "net benefit® models performed the
best and generally performed better than the UICP retention
model. Additionally, for most demand scenarios in both the
Constant and Declining Demand Analysis, the decision on which
model to chose could typically be determined by the MOE of
total cost alone. This was due to the fact that the
difference between the various models' ACWTs for each demand

scenario, was generally insignificant. In summary, the above

Xi
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findings indicate that for Navy managed items the "optimal"
retention quantity differs significant’y from item to item

based on varilations in mean gquarterly demand and unit

price.
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I. BACKGROUND

A. INTRODUCTION

Retention and disposal policy for U. 5. Navy wholesale
inventories in long supply has been in a state of flux and
under congressional scrutiny since 1985. Comments from the
Chief of the Supply Corps on 19 July 1993 indicated that one
of the preeminent issues regarding the future of the Supply
Corps was Inventory Management/Reduction. He stated that
inventory reduction is "a congressionally mandated process ani
a fiscal necessity .... we must continue to aggressively
pursue inventory reductions in an intelligent manner," and
that it “demands our immediate and continuous attention" [Ref.
1].

A key aspect of inventory reduction is the process used to
identify two types of inventories: Economic Retention Stock
(ERS) and potential excess inventory. ERS (sometimes referred
to as Economic Retention Requirement (ERR)) is the portion of
the inventory above current requirements which is determined
to be more economical to retain for future use as opposed to
disposing and reprocuring in the future. The sum of current
requirements and ERS is called the Retention Level (RL) when
it is defined in terms of years worth of annual demand and is

called Retention Quantity (RQ) when it is defined in terms of
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the number of units. For this thesis the retention limit will
generally be expressed in terms of years worth of annual
demand and referred to as the RL. Potential excess inventory
is that portion of material on-hand and on order beyond the
RL.

In 1985 the DOD adopted a policy to retain all units of
any item having application to a weapons system in active use
by any of the U. S. military services [Ref. 2]. This disposal
moratorium was established as a result of inconsistencies the
GAO identified in U. §. Air Force economic retention policy.
In effect, the moratorium eliminated the need for any economic
retention models. Motivated by new GAO findings in 1988 and
1990 regarding the growth of DOD secondary inventories [Refs.
3 & 4], in 1990 the DOD lifted the disposal moratorium [Ref.
2). NAVSUP Instruction 4500.13 [Ref. 5] was subsequently
issued to provide policy on retention of wholesale Navy
material. The retention limit was set at 20 years worth of
forecasted annual demand for items that have been stocked in
the supply system for more than seven years and coded as
"essential" material. Here "essential" material is defined as
an item whose failure would result in the loss or severe
degradation of primary mission capability. As a result of the
shrinking DOD budgets and continued congressional concern over
large DOD secondary inventories the retention level tor
wholesale Navy ruaterial was further reduced in August 1992 to

eight years wor'th of forecasted annual demand [Ref. 6].

- - - - — A e S N N A e St e AT s i AR e i A T
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This thesis contains an analysis and comparison of the
U. 5. Navy's current economic ratention process to four
mathematical/optimization models (Economic Retention Decision
Models) designed to assist in making retention/disposal
determinations with respect to excess inventories. The
motivation for this research was based on three factors.
First, the Navy Inventory Control Points (ICP) are not
confident that eight years worth of forecasted annual demand
is an appropriate RL. Second, with the ongoing budget
reductions and reductions in the size of the Fleet, excess
inventories will continue to be a financial and administrative
burden. For example, as of March 1993 the Navy held $1.9
billion in ERS and $1.5 billion in potential excess inventory
for 1H, 3H and 7 COG!' material. Finally, DOD Regulation
4140.1-R [Ref. 7:p. 4.5] recommends that better analysis
supporting retention decisions be done through the use of
economic retention decision models. The Navy does not
currently use a classical economic retention decision model
when making retention/disposal decisions for ‘essential®
material.

A simulation was developed in the Pascal programming
language to compare the Navy's retention process and the

mathematical models. The comparison is based on performance

'‘Cognizant symbols (COG) are two character alpha-
numeric codes which identify and designate cognizant
inventory managers who exercise supply management over a
specific category of material.
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with respect to the measures of effectiveness (MOE) of total
cost (TC) and average customer wait time (ACWT). The
simulation was co-developed by the author and LT Glenn
Robillard, and was designed to emulate the portions of the
Navy's Uniform Inventory Control Program (UICP) applicable to
this research. The simulation represents the demand process
of a hypothetical Navy managed consumable item. The period of
time over which demand is simulated and the characteristics of
the item are specified by the user during the initialization
of the simulation. Measures of effectiveness to be used in
the performance comparison will be calculated from the actual
cost and customer wait time data generated by the simulation.
The UICP retention process and the various retention decision
models will be tested in a variety of simulation scenarios.
The scenarios are based on combinations of:

- unit price

- mean gquarterly demand

- variance of quarterly demand

- patterns of declining mean quarterly demand

- levels of excess inventory

- inventory holding cost rate

- obsolescence rate

- administrative order cost rate

- salvage rate

The goal of this thesis is to determine how effective the

Navy's retention logic is as compared with the four economic

retention decision models.
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B. U. S. NAVY ECONOMIC RETENTION POLICY

As discussed in the introduction to this chapter, the
Navy's Economic Retention policy has been in a state of flux
for approximately nine years. The current RL for "essential®
materials (i.e., Item Mission Essentiality Codes (IMEC) 3, 4,
and 5) is set at eight years worth of annual forecasted
demand, with ERS constrained to a minimum retention guantity
of five units. All material that has been stocked in the
supply system for less than seven years is not subject to a
retention limit. This material is retained until the seven
year waiting period has passed before being subject to
retention review,

Retention and disposal requirements are reviewed by the
ICP semi-annually in conjunction with the execution of the
March and September inventory Stratification, UICP application
B20. Stratification is the process of matching current
inventory to reguirements and categorizing inventory based on
the type of requirement. DOD Regulation 4140.1-R [Ref. 7:p.
4.3] defines the Stratification categories as Authorized
Acquisition Objective (AAO), Economic Retention Stock (ERS),
Contingency Retention Stock (CRS), and Potential Reutilization
Stock (PRS). The Authorized Acquisition Objective is a
combination of the peace-time requirements for U.S. Forces
through the end of the second fiscal year following the

current date and the approved stockage requirements for grant-

aid and military assistance programs. Economic Retention




Stock 1is inventory held beyond the Authorized Acquisition
Objective which is determined to be more economical to hold
for future requirements as opposed to disposing and
reprocuring in the future. Contingency Retention Stock is
inventory held for known or potential requirements not covered
by Authorized Acquisition Objective, such as initial
outfitting, mobilization and Foreign Military Sales (FMS).
Potential Reutilization Stock (also known as Potential Excess
(PE)) 1is all inventory beyond the sum of the Authorized
Acquisition Objective, Economic Retention Stock and
Contingency Retention Stock.

The ICPs will make the final retention/disposal decisions
on material categorized as Potential Reutilization Stock.
When a disposal release order is issued by the ICP, the depot
holding the Potential Reutilization Stock will transfer the
material to Def nse Reutilization Marketing Office (DRMO) for
salvage or reuse. For this research all Potential
Reutilization Stock is assumed to be sent immediately to DRMO
for disposal.

The calculation of Economic Retention Stock (ERS)
performed during the UICP Stratification application is

summarized as follows [Ref. 6,8]:

1.1

ERS = Max { (RL-D1-D2-D3-M), 5}




Where:

RL = eight years worth of forecasted annual demand.
D1 = forecasted demand, remainder of current year.
D2 = annual forecasted demand, appropriation year.
D3 = annual forecasted demand, budget year.

M = reorder Objective, which equals the sum of

safety stock, leadtime demand, and an economic
order quantity (EOQ).

The calculation for Economic Retention Stock (Equation
1.1) is based on recurring demand and does not take into
account the portions of the Authorized Acquisition Objective
which are considered non-recurring demand, such as Preplanned
Program Requirements (PPR), Prepositioned War Reserves (PWR),
Other War Reserves (OWR) and outstanding backorders (Due-out),
In addition, Equation 1.1 constrains the Economic Retention
Stock to a minimum of five units, to ensure a minimal buffer
or safety stock is maintained for "essential" material. The
actual amount of inventory held is equal to the sum of
Authorized Acquisition Objective, Economic Retention Stock and
'Contingency Retention Stock (where Authorized Acquisition
Objective plus Economic Retention Stock equals the System
Retention Level). By placing the five unit minimum constraint
on Economic Retention Stock, the System Retention Level is
also constrained to a minimum of five units. For this thesis
Planned Program Requirements, Prepositioned War Reserves,
Other War Reserves and Contingency Retention Stock were
assumed to be zero.

Because the key to the amount of inventory categorized as

Economic Retention Stock and Potential Reutilization Stock is




the RL, this research will focus on alternative methods of
calculating a RL through the use of Economic Retention

Decision Models,

C. ORGANIZATION OF RESEARCH

The remainder of this thesis will be devoted to the
discussion of mathematical economic retention models, the
development of the analytical approach and simulation, and the
presentation of the simulation results and conclusions.
Chapter II reviews various mathematical mod2ls and discusses
selection of the models chosen for the research. Chapter III
develops the analytical approach to be used in comparing the
UICP retention proces:: to the mathematical models chosen in
Chapter 1II. Chapter IV provides a description of the
simulation, to include a discussion of the major procedures
and algorithms used. Chapters V and VI present the simulation

results. Finally, conclusions and recommendations are

presented in Chapter VII.




IXI. ECONOMIC RETENTION DECISION MODELS

A. LITERATURE REVIEW

Excess inventories are an administracive and economic
burden which consume valuable warehouse sp.n2 dJdeplete working
capital and help to reduce inventory accuracy. In general,
there are two causes for excess inventory. First, the demand
rate may be overestimated due to a forecasting error, a change
in Lechnology or a change in operating tempo. Second, the
Navy may obtain more units than they intend in a given
replenishment action. This can happen as a result of errors
in procurement document quantities or because the supplier
delivers more units then the Navy requested.

Mathematical models desigred to represent the excess
inventory proble.. are known as Economic¢ Retention Decision
Models. The objective of an Economic Retention Decision Model
is to reduce the administrative and economic burden of
carrying excess inventory through disposal of surplus stock.
The approach to determining how much excess inventory to carry
.and how much siwould be disposed of varies from model to model.
The basic idea behind most Economic Retention Decision Models
is to determine the trade-off between the cost to dispecse of

material and the cost to hold material. What differs between

models is how to define the cost to dispose of material and




the cost to hold material. While considerable literature
exists on determining inventorv retention levels, few
researchers have directly addressed the Navy's excess
inventory problem.
l. Heyvaert and Hurt

Heyvaert and Hurt developed one of the first models
that treated the situation in which mean demand is declining,
which iz one of the causes of excess inventory [Ref. 9]. The
model was designed to provide a simple, fast and accurate
method for deteirmining optimal stocking levels for slow-moving
items. A unique objective function based ¢n material storage
costs and the cost of non-satisfaction of a demand was
derived, with the optimal inventory levelg (available level)

being determined by minimizing the total cost function (W):

2.1

W = I + PP

s - 2.2
x = Z; (8-d/2) py +; (s%/2d) py

=g+l

B = (d-8) py 2.3

g+l
Where:

a = long run mean stock level, assuming variations in

demand are linear.
I = total cost to store one unit during a

replenishment period (t).




B = expected number of shortages during a
replenishment period (t).

P = total cost resulting from non-satisfaction of a
demand requirement.

s = current inventory on hand and on order (available

level).

= demand during a replenishment period (t).

Py = probability that an issue of size d will have to
be made, assumes d has a poisson distribution
with mean =y, 0.1 < p < 10.0.

Although this model does not treat the problem of
excess stock generated from reduced demand rate, the concept
of determining optimality based on cost and customer
satisfaction helped motivate the use of total cost and ACWT as
the MOEs to be used in the performance comparison phase of
this research.

2. Rothkopf and Fromovitz

The Rothkopf and Fromovitz model for a save-discard
decision involves a bulk commodity that comes in a rented
container [Ref. 10]. Although this model is too specific to
adapt to the Navy problem, it is one of the few models which
deals with the stochastic nature of demand. It also applies
the concept of discounting future costs.

3. Hart

Hart designed a procedure to calculate a procurement

schedule and retention quantity for a selected inventory item

(Ref. 11]. The procedure minimizes the sum of discounted

relevant costs which vary in amount or in timing with changes

in the retention quantity. Relevant costs include the cost of




holding the retained quantity, cost of not scrapping the
retained quantity, cost of delaying the write-off of the
retained quantity (write-off occurs when the material is
either sold or scrapped), cost of procured quantities, and
cost of holding the procured quantities. The minimum cost
retention quantity is determined using a sequential search
procedure based on the "Golden Section" method. For each
retention quantity considered, a procurement schedule is
determined heuristically according to a set of rules based on
Economic Order Quantities and Economic "Bridging" Quantities.
While Hart's model provides an interesting approach to the
excess inventory problem, the level of effort required to
incorporate his model into the Navy's UICP levels software
application was beyond the scope of this research.
4. 8Simpson

Simpson's “formula* is one of the most frequently
cited works in recent literature dealing with the excess
inventory problem [Ref. 12]. The formula provides a clear and
easy-to-use procedure which was originally developed for
possible implementation by the Navy.

The formula compares the cost of storing material,
considering the chance that it may become obsolete and the
cost of repurchasing the material in the future when needed,

if present surpluses are sold by disposal action today. An

economic retention period formula was derived which equals the




cost (per dollar value of material) of retaining X years of
stock (C,) less the cost (per dollar value of material) of
disposing of X years of stock (Cy;). 1In the derivation of the
formula it was assumed that future demand was known and
constant, all general price levels and rates were also

constant. The derivation is a follows:

C, = 1-(1-p)*+r((1-p) (1+i)*+(1-p)2(1+i) =+, ...+ (1-p)*(1+1))

2.4
Cq = 1-D(1+4)% 2:3
Where:
C, = cost of retaining X years of stock.
Cq = cost of disposing of X years of stock.
D = fraction of present unit price of material which
will be realized in disposal sales (i.e. 15 cents
on the dollar, D = .15).
p = fraction of material which will become obsolete in
any one year.
1 = annual storage cost rate per dollar of material.
i = annual interest rate.
X = Retention Level (RL).

Equation 2.4 (C,) represents the obsolescence cost and
storage cost incurred from holding material for X years. The
obsolescence cost term (1-(1-p)}*) calculates the dollar value
of loss due to obsolescence (per dollar of material)

compounded over X years. The storage cost represents the

cumulative cost of holding inventory X years, where the dollar




value of inventory is reduced by p each year due to
obsolescence, and includes the cost (rompounded annually) of
lost interest revenue from money used for storage costs.
Equation 2.5 (C;) represents the cost (per dollar of
material) of furnishing a given quantity of an item at time ty
given material was disposed of at time t,- The cost of
disporal is reduced by the return from disposal sales, which
is increased in value at the compound interest rate until ty.
The value for X, the optimal number of years stock to
hbe retained (RL) is obtained by equating C, to Cy and solving

for X. Simpson gives the following such solution:

D(i+p) +xr(1-p) (1+1)
. - lo TTp+E(1-p) (1+D) 2.6
1og[£2]

1+1

5. Mohon and Garg
The Mohon and Garg model expanded on Simpson's
economic retention period formula by considering the case in
which shelf life' is probabilistic [Ref. 13]. They also
derived the specific case in which shelf life is exponentially

distributed. While the Mchon and Garg model may offer some

'Mohan and Garg assume shelf life is a function of
obsolescence and deterioration. The Navy uses a combination
of shelf life codes to account for deterioration of matcerial
and an obsolescence factor included in the system (UICP)
holding cost rate.




improvements over Simpson's basic formula, it would be
difficult to apply their model in the Navy's TUICP.
Determining the appropriate probability distributions for
obsolescence and deterioration rates to use with the expanded
model would be a complex task. Because of this, a retention
model which has robust performance with respect to
obsolescence rate might be more eéppropriate for the Navy.
6. Tersine and Toelle

Tersine and Toelle developed two "net benefit" models
of differinyg complexity for determining inventory retention
levels [Ref. 14). The models indicate how much inventory
should be held (economic time supply or RL) and how much
should be disposed of at a specific salvage price for a given
item. In the derivation of both "net benefit" models it was
assumed that future demand was known and constant, all general
price levels and rates were also constant, and no stockouts
werz permitted.

The first or simple net benefit (NB) model calculates
the economic time supply of material to hold that maximizes
net benefit (cost savings) resulting from the sales of excess

stock. The formulation of the NB equation and the economic

time supply (t,) 1is as follows:




Net Benefit = Salvage Revenue + Holding Cost Savings 2.7
-Repurchase Cost - Reorder Cost

Salvage Revenue = gP, = P,(M-tR) = PM-P,Rt 2.8

; - M3PF_ (M-q)3PF 2.9
Holding Cost Savings >h 25

M?PF_ RPFt? _MQPF k QPFt
2R 2 2R 2

" Repurchase Cost = Pq = PM-PRt 2.10

« &g . M _ CRC 2.11

R d>r Cost
eor (o] o) 0 0

Where:

d =M - tR = amount of excess inventory that is
disposed of, in units.
time supply, in years worth of inventory
retained.
economic time supply in years worth of inventory
retained (RL).
rdering cost per order.
annual holding ccst fraction.
available stock in units.
unit cost of the item.
uriit salvage value of the item.
economic order size in units.
annual demand in units.
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The resulting net benefit formulation is as follows:

_ _ RPFt? _ QPF , CR\,, M?PF_ MQPF — par M
s (e 5 H(PR-ER T ) R R TR

2.12
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Note that f(t) describes a parabola and therefore has a single
maximum. By taking the first derivative of f(t) with respect
to t and setting it equal to zero, the economic time supply

(ty,) equals:

P-P+C/0Q. 9
PF 2R

t, 2.13
Since the second derivative of f(t) is negative, t, is located
at the maximum point.

The second model, a present value net benefit (NB-NPV)
model, compensates for the fact that investments occur at
different points in time by discounting them to their present
value. Under continuous compounding, the present value of a
future purchase of an item with a current price (P) at time t
is Pe'!""'t, where i is the annual inflation rate and k is the
discount rate. For this thesis inflation was assumed to be
zero and the discount rate was set to seven percent.

The formulation of the objective function of the net

present value version of the net benefit model is as follows:

. PFtR(e"kt-1) PFQ PO+ C (1K) €_
£(¢t) 2K + [Zﬂ-_k-)-"—e -0o/R_q e €-PRt+P M

2k

. PPM(1-e~kr) _[ PF) , PO+C ]e(.l-k)llll

Z(1-K) ' eUmoE ]




Although Equation 2.14 cannot be solved directly for ¢t,
Newton's method can be used iteratively to obtain a solution.

Where;:

gy = n_ﬁl’,_(t_,.)_ 2.15
£7(¢t,)

For this thesis the t, obtained from the NB model was
divided by two and then used as an initial estimate for the
NB-NPV model t,. The NB model t, was divided by two to ensure
that the initial approximation to the NB-NPV model t, was
sufficiently close to the optimal solution so that Newton's
method would converge upon a solution. Thie choice of initial
starting solution was particularly important for the demand
scenarios with low unit price, because the RLs for the NB-NPV
model were expected to be significantly less than the
respective RLs for the NB model. Successive values for t were
calculated until |It,,;-t,! < 0.01. When this stopping
condition was satisfied, the final t, for the NB-NPV model was
set equal to t,.,;.

Although the Navy UICP assumes that demand is
stochastic and allows for stockouts. Tersine and Toelle's “net
benefit' models are well suited for application in the Navy's
UICP. 1In an effort to account for the potential for stockouts
due to the stochastic nature of demand typically associated

with a Navy managed item, a modified "net benefit" (NB-MOD)

model was developed.




Disposal of some quantity of excess inventory will
cause the inventory position (IP) to reach the reorder point
(RO) prior to the time it would have reached the RO without
the disposal of the excess inventory. Therefore, with
disposal the inventory system will experience one or more
additional reorder cycles, depending on the quantity disposed.
Because of the stochastic nature of demand, every additional
reorder cycle exposes the inventory system to an increase in
the number of possible stockouts. In the modification of the
NB model, for every additional reorder cycle that occurs due
to disposal, the net benefit from disposal is reduced by the
expected additional shortage costs. Themodified formulation

(NB-MOD) is:

Net Benefit(MOD) = Salvage Revenue + Holding Cost Savings
- Repurchase Cost - Reorder Cost
- Shortage Cost

2.16
The new term, shortage cost, is a linear function of
the number of additional reorders (N) that are made due to the

disposal of g units worth of stock. We must first calculate

N:




Where:

N = number of additional reorders required due
to the original disposal of q units.

M/R = mean time supply of material without
disposal.

(M-q) /R = mean time supply of material witt: disposal.

Q/R = mean time between reorders.

E[x>R0O] = expected number of shortages in a reorder
cycle,

RO = reorder point.

A = shortage cost per unit.

b'e = actual demand during a procurement

leadtime.

Now we may obtain the shortage cost:

Shortage Cost = NA(E[xX>R0}]) 2.18

The expected number of shortages (E[x>R0O]) in a
reordéer cycle, assuming that X is normally distributed with

mean, u and variance, ¢’ 1is given by [Ref. 15]:

E(x>RO] = (R~RO)xP ‘Z> R—‘Z;E)fo (Z=-@;:E) 2.19

Where:

P (z> -139035) = Probability of a stockout.
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£ (Z=R—%"£) = Standard normal distribution function
evaluated at 5%1

RO = RL + 0©2.

Z = standard normal distribution value which
satisfies the UICP "probability of a stockout*!
expression for a given values of R, L, p, o*, F,
P, A, and E.

M = mean leadtime demand:.

o’ = variance of leadtime demand®.

L = procurement leadtime demand in years.

Because the term E[x>R0O] in Equation 2.20 is not a function of
t, the expected number of shortages in a reorder cycle is
treated as a constant.

Collecting these terms together, the objective

function of the modified net benefit model is:

£(e) = --i”!i;-":—z+(PR-P.R+ or, cn)t i WP MOPE
2.20
+ P M-PM- aw,( )A(E[x)RO])

!The UICP levels arplication calculates the probability
of stockout using the following expression: FP/(FP+AE), where
F is the annual holding cost fraction, P is the unit cost of
an item, A is the shortage cost per unit and E is the military
essentiality.

2In UICP this parameter is PPV,

}In UICP this parameter is BO019A.
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Next we must determine if Equation 2.20 is a parabola.
Note that Equation 2.20 can be expressed in the form at+bt+c
and thus is a parabola [Ref. 16,p.39]. By grouping terms

appropriately we obtain the constants a, b, and c:

a = -ARPF) 2.21
2
b = PR-PR+LPE,CR_R, (ElxRO)) 2.22
2 00
M2PF_MOPF . 1, v oap. CM_ M 2.23
c 3R ag ‘PP~ -ZA(EL0RO])

By taking the first derivative of f(t) (Equation 2.20)
with respect to t, settinyg it equal to zero and solving for t,

the modified economic time supply (t,) is obtained:

¢ = PP, O, C+A(E[X>RO]) 2.24
° PF 2R OPF

Since the second derivative of f(t) is negative, t, is located
at the maximum point.
7. 8Silver and Peterson
Silver and Peterson developed a ruie for the disposal
of excess inventory which, while derived using a different

approach from that o0f Tersine and Toelle, yields the same

numerical regults [Ref. 17:Chav. 9]. 1In a manner similar to




Simpson's approach, Silver and Peterson focused on the cost of
no disposal (C,,) versus the cost of disposal (Cy) .  Then,
assuming an EQQ strategy with deterministic demand, Silver and

Peterson formulated an objective function of Cy, - C, , where:

I3vr 2.25
D 2D

)
|

2.26
I-N

g+ (=3

§?
H

) (—I;‘S vr+ ¥ (yzRovEDY)

cost of no disposal.

cost of disposal.

amount of excess inventory to dispose in units.
on hand inventory in units.

expected arnual demand in units.

unit price.

salvage value per unit.

holding cos:c rate $/$/yr.

administrative order cost per order.

The last term in C, represents the inventory holding cost, the
administrative ordering cost and the repurchase cost of the
stock disposed (W) incurred after the stock retained is
exhausted (which occurs at time (I-W)/D and continues until
time I/D). The inventory holding cost and the administrative
ordering cost are calculated assuming an EOQ strategy. The
repurchase cost of the stock disposed (W) is calculated
assuming the repurchase unit cost equals the unit cost at the

time of disposal.

By taking the first derivative of the objective




function (Cy - Cp) with respect to W and setting it equal to
zero we obtain Silver and Peterson's "decision rule for

disposal, " an expression for W, which maximizes Cy - C,.
W = I—E’OQ—D(K;E) 2.27

Although Silver and Peterson used a different approach
in the formulation of their model than Tersine and Toelle, it
can be show that Silver and Peterson's "decision rule for
disposal* and Tersine and Toelle's simple "net benefit" model
yield the same results. Using Silver and Peterson's notation
it can be shown that Tersine and Toelle's economic time supply
(ty) multiplied by annual demand (D) equals Silver and
Peterson's equaticn for the amount of inventory to retain (I-

W), as follows:

= Dlv-g) DA . EOQ
EoxD vz +VIEOQ+ 2

substituting V/-%IIE for EOQ yellds

t,xD = b(v-g) ,

na
2vr

VI | ————

vr

_ D(v-g)
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Because the two derivations result in the same
economic retentic- decision, only the notation from one
derivation was used in the thesis. Tersine and Toelle's
notation and apprcach was chosen, primarily because of the
extensive background provided on the excess inventory problem
and the thorough development of the derivation of their model.

8. Rosenfield

Rosenfield developed a model for the optimal number of
items to retain for slow moving or obsolete inventories under
conditions of stochastic demand and perishability (shelf-1life)
[Ref. 18]. This model is one of the few that addresses the
probabilistic nature of demand for the general excess
inventory problem. Rosenfield's basic model assumes that
episodes of demand can be represented by a renewal process.
This allows for a variable number of units demanded per
episode. The model determines the correct number of units to
retain, In the model a unit is worth disposing of if its
immediate salvage value (it's present resale value) exceeds
it's expected discounted sales value (from a future sale if
the unit is held in inventory) minus the expected holding
costs to be incurred (until the time of sale).

Because Rosenfield's final expression for the number
of units to retain contains the moment generating function for

the distribution of time between demand episodes, the model

becomes complex when the distribution of demand episodes is




not a Poisson distribution. Although this model may have
application to the Navy's excess inventory problem, the level
of effort required to incorporate Rosenfield's model into the
Navy's UICP levels software application was beycnd the scope

of this research.

B. SUMMARY
The mathematical models chosen for this research were
based on their applicability to the Navy's excess inventory
prchlem, the UICP model, and the simulation. The models
chosen were:
- Simpson's "economic retention period formula* (TRAD).
- Tersine and Toelle's simple "net benefit" model (NB)

- Tersine and Toelle's present value "net benefit' model
(NB-NPV) .

- The modified "net benefit* (NB-MOD), a version of the
simple "net benefit" model.

These models, together with the Navy's UICP current retention
logic, will be referred to as the "models" throughout the
remainder of the thesis.

Aithough the UICP model was developed under the assumption
that demand is stochastic, all the mathematical models listed
above were developed under the assumption that demand was
deterministic (with the exception of NB-MOD). The decision to
use primarily deterministic models was based on two factors.

Firct, as Simpson ([Ref. 12] discussed, the effect the

deterministic assumpticon has on a Retention Level (RL) is not




significant. Secondly, the difficulty of incorporating into
the UICP model and intc the simulation the stochastic models
reviewed does not justify the small improvement in accuracy
which, according to Simpson, we would experience. Because a
true stochastic economic retention model was not used in this
research, a Total Cost Analysis (see Chapter III.C.1l) was
conducted to develop a baseline, with respect to cost, to

evaluate how the deterministic models actually perform in a

stochastic environment.




IXI. AESEARCH APPROACH AND ANALYTICAL METHOD

A. OVERVIEW

The analysis that was done for this thesis made use of a
simulation that was written in Pascal. The simulation was
developed to represent the Navy's UICP model as well as the
mathematical models that were analyzed in this research. A
complete discussion of the simulation program is contained in
Chapter IV.

The analysis and performance comparisons of the models
were based on MOEs calculated from simulated data for six
basic demand scenarios. For each demand scenario four
retention scenarios were analyzed using the simulation. A
Total Cost Analysis was performed to determine the optimal
amount of inventory (from just the cost standpoint) to hold
for a given quantity of initial excess inventory. A Constant
Demand Analysis was performed to compare the various models to
the theoretically optimal retention level that was determined
during the Total Cost Analysis. The same input parameter
values were used in the Constant Demand Analysis as in the
Total Cost Analysis. A Declining Demand Analysis was
performed to compare the models in three scenarios (patterns)

of declining mean demand. Finally, Sensitivity Analysis was

performed on various combinations of demand scenario, pattern




of declining mean demand, and the parameters of administrative
reorder cost rate, salvage rate, inventory holding cost rate,
and obsolescence rate. (A complete discussion of the
Sensitivity Analysis is contained in Chapter VI.)

Table 1 provides a summary of retention scenarics, cross
referenced by demand scenario and mean quarterly demand
pattern. Fach entry in the table represents a sgset of
simulations and will be referred to as a simulation setting,
The meanings of the demand scenario acronyms can be found in
Table 2. A summary of the 16 specific settings to be
considered in the Sensitivity Analysis is provided in Chapter
VI, Table 9.

In the performance comparison phase of the research the
models were ranked based on the MOEs of total cost and ACWT.
The comparisons were done by demand scenario for the results
from the analysis s«cenarios of Constant Demand Analysis,
Declining Demand Analysis, and Sensitivity Analysis. Multi-
Attribute Decision Making technigues and hypothesis tests
based on a paired difference t-test were used to compare the

performance of the models.

B. DEMAND SCENARIOS
Items managed by the Navy are assigned a Navy Mark Code
based on unit price and mean quarterly demand. The Mark Code

indicates the probability distribution for leadtime demand and

the inventory level setting method to be used in the UICP




model [Ref. 19:p. 3-9]. Six hypothetical items based on the
Mark Code designation criteria were selected for use
throughout the research. The hypothetical items, called

demand scenarios, were chosen so that the effect of varying

level setting computation methods, unit price and mean
quarterly demand on economic retention decisions could Le
analyzed. The demand scenarios described in Table 2 are a

function of the prokability distribution of demand episodes,

TABLE 1.

SUMMARY OF

DEMAND

SCENARIO
DEMAND

PATTERN

CONSTANT
MEAN

SIMULATION SETTINGS

HDLVLP

CDA

DECLINING §
MEAN
DEMAND
" STEP n

DDA

DDA DDA DDA

DDA

DECLINING
MEAN
DEMAND
"CONVEX"

DDA

DDA
DDA DDA

SA(16)

DDA

DECLINING
MEAN
DEMAND
"CONCAVE"

DDA

DDA
DDA DDA

SA(16)

DDA

Analysis,

nation) .

DDA

Sensgitivity Analysis

Legend: TCA = Total Cost Analysis, CDA = (Constant Demand
Decliring Demand Analysis, SA
(16 simulation settings for
each demand scenario and demand pattern combi-

—
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mean quarterly demand (high and low), variance of quarterly
demand (high and low), and unit price (high and low). Demand
variance for the demand scenarios with a normal distribution
are classified as high (with a standard deviation to mean
ratio of 1.25) and low (with a standard deviation to mean

ratio of 0.30) [Ref. 20].

TABLE 2. DEMAND SCENARIOS

NAVY -PROBABILITY MEAN _];EMAND B UNIT
DISTRIBUTION|QUARTERLY| VARIANCE | PRICE($)
c DEMAND
I 4 Normal High: 20 | High: 625 |High:1500| HDHVHP
" 4 Normal High: 20 | Low: 36 |High:1500| HDLVHP
2 Normal HBigh: 20 | High: 625 |Low: 20| HDHVLP ||
2 Normal High: 20 | Low: 36 | Low: 20| HDLVLP
3 Polsson Low: 2 N/A High:1500 LDHP
1 Polsson Low: 2 N/A Low: 20 LDLP

C. ANALYSIS SCENARIOS
1. Total Cost Analysis

This analysis was performed to compute a total cost
for 100 quarters of demand activity for a given demand
scenario based on t- “ollowing set of assumptions. Assume at
time zero the inventory is in an excess position' and an
immediate retention/disposal decision is made. Next, assume
that this is followed by 100 quarters of demand activity with

a stationary guarterly mean demand. The initial on-hand
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inventory selected for demand scenarios with high unit price
was equal to 20 years of average annual demand. For demand
scenarios with low unit price, the initial inventory was equal
to 25 years of average annual demand. A total cost was
calculated for various retention levels beginning with a level
equal to 0.5 years of annual demand and continuing, in
increasing increments of 0.5 years annual demand. Retention
levels were not increased beyond the inventory on hand at time
zero. Based on an initial inventory of 20 years worth of
annual demand for the demand scenarios with high unit price,
40 total cost! data points (retention levels) were calculated.
These data points were used to construct total cost curves for
the demand scenarios with high unit price. Based on an
initial inventory of 25 years worth of annual demand for the
demand scenarios with low unit price, 50 total cost data
points (retention levels) were calculated. These data points
were used to construct total costs curves for the demand
scenarios with low unit price.

Each total cost data point is discounted to current
year dollars and is equal to the sum of material cost,
administrative ordering cost, inventory holding cost, shortage
cost and salvage revenue which accrue over a simulation period

(See Eqguations 3.1 and 3.2). The total cost data points for

'The total cost figure used for each data point is the
average total cost over all replications of the respective
simulation.




each demand scenario were then plotted to form a total cost
curve (See Appendix E, Graphs 13 through 24). The goal of the
Total Cost Analysis was to determine if a minimum total cost
associated with a single retention level existed in a
stochastic demand environment in the same way as shown by
Tersine for the deterministic case [Ref. 14]. The minimum of
each total cost curve was used to obtain the optimal retention
level for each demand scenario. These optimal retention
levels were used as a benchmark for comparing the performance
of the models in the Constant Demand Analysis phase.
2., Constant Demand Analysis

This analysis was designed to compare the performance
of the models to the performance of the optimal retention
level determined in the Total Cost Analysis. The comparison
was done for all combinations of the demand scenarios and the
models under the same simulation settings that were used in
the Total Cost Analysis. The goal of this analysis was to
determine, for each demand scenario, how the models performed
in the Navy's stochastic demand environment with respect to
the optimal retention level.

3. Declining Demand Analysis

This analysis was designed to compare the models under

a scenario involving declining mean quarterly demand. Three

patterns of declining demand where developed for this

analysis. The declining demand patterns represent possible




effects the reduction in Naval Forces and budget might have on
demand for Navy managed items. In Appendix E, Graphs 1
through 6 depict the six patterns of declining demand that
were used. Demand activity for these scenarios begins with a
pattern of 30 quarters of stationary mean quarterly demand.
This allows the simulation model to reach steady state as
discussed in Chapter IV. This was followed by 20 quarters
with declining mean quarterly demand and finished with 16
quarters of constant mean quarterly demand. The 16 quarter
period was included to allow the determination of the long
term effect that a specific retention policy might have on
performance. Over the period of the decline of the mean
quarterly demand, for demand scenarios with a high mean
demand, the demand decreased from a mean of 20 units per
quarter tc a mean of 2 units per guarter. The mean quarterly
demand for demand scenarios with low demand dzcreased from a
mean of 2.0 units per quarter to a mean of 0.2 units per
quarter. The comparison of model performance was dons for
all combinations of the demand scenarios, models, and decline

patterns.

D. PEFFORMANCE COMPARISONS
The concept behind the performance comparisons is to
provide Navy inventory modelers with some quantitative data

that will help them select the most suitable model to use in

a given situation. The use of total cost and ACWT as the MOEs




was motivated by two factors. The first was Heyvaert and
Hart's wuse of cost and customer satisfaction in the
development of their model [Ref. 9], which in essence asserts
that when evaluating a model total cost is not the only
evaluation criteria to consider. Modelers should also
consider how a model satisfies customer requirements. The
second was the fact that total cost and ACWT are generally of
primary concern to the managers at the Navy's inventory
control points when they make inventory policy decisions.
The total cost MOE (Equations 3.1 & 3.2) is based on the
Navy's UICP model total cost objective function [Ref. 19:p. 3-
A-4]. Total cost is discounted to current year dollars and is
equal to the sum of material cost, administrative ordering
cost, inventory holding cost, shortage cost and salvage
revenue which accrue over a simulation period. Costs were
discounted because of the length of time (simulation period)
over which the analysis was performed. Additionally, costs
were discounted to evaluate the effect, over time, the models'

varying disposal decisions had on total cost.

q 13
rc(D) = E ( (Qu P+ c,m; (fgi—l’]w.%g -D,RP) F]

3.1




Where:

TC(D) = total discounted cost for one replication of
a fimulation given D units disposed during
the simulation period.

F = discount factor.

0y = number of units ordered during quarter k.

P = unit price.

A = administrative order cost.

Cy = number of orders placed during quarter k.

E, = inventory on hand at the end of week j.

H = holding cost fraction ($/unit-yr).

Ty = time Weighted Units Short (TWUS) for quarter
k, see Equation 3.4.

S = shortage cost ($/unit-yr).

Dy = number of units disposed of during guarter k.

R = salvage rate (a fraction of P).

i = discount rate.

a = number of quarters simulated.

3 = summation index for 13 weeks of a quarter.

k = summation index for the number of qguarters

simulated.

The ACWT measures the mean tiie required, in days, for the
wholesale supply system to meet customer demands. ACWT for
one replication of a simuiation equals the time weighted units
short (TWUS) divided by the total demand (D) over the

simulation pericd (Equations 3.3 & 3.4). The simulation ACWT

was equal to the average of all replilization ACWTs.




Where:

n = number of backorders (in units) for
measurement period.

RD; = receipt date of the i*" backorder.

BOD;, = date the i*" backorder occurred.

AR; = amount of i*" backorder (in units) filled on

RD,.

The actual performance comparisons were done using two
methods. One method is the paired difference t-test and the
other method is Multi-Attribute Decision Making (MADM) .

1. Paired Difference t-Test

Hypothesis tests based on a paired difference .-test
statistic [Ref. 21:p. 572] were conducted on the results of
the Constant Demand Analysis, Declining Demand Analysis, and
Sensitivity Analysis simulations to determine which model (s)
performed better than all others in each MOE category. Given
that model "X" had the best result for a specific MOE, the
null hypothesis was that the corresponding result, for every
other model was equal. The alternative hypothesis was that
the correspohding result, for every other model was not equal
to the result for model "X.*

The paired difference t-test was used because there
was dependence between the MOE results of the models for each
setting simulated. The dependence was attributed to the fact
that for each replication of a simulation, the randomly
generated demand streams were identical for all the modelé
within a setting. Further discussion of the relationship

between random number generation and the dependency of results
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is contained in Chapter IV.
2. Multi-Attribute Decision Making (MADM)

In order to compare the models performance, the
decision analysis technigue known as Multi-Attribute Decision
Making (MADM), a subset of the decision making processes known
as Multi Criteria Decision Making (MCDM), was used. There are
four characteristics which make this performance comparison a
Multi-Criteria Decision Making problem [Ref. 22,p. 2]. First,
there are multiple attributes (MOEs of total cost and average
customer wait time). Second, there is conflict among the
MOEs, i.e. the higher the TC (which is bad) the lower the ACWT
(which is good). Third, the MOEs have different units of
measure (TC is per simulation period and ACWT is in terms of
days per requisition). Fourth, the selection of the best
model is to be made based on each model's level of achievement
in the MOEs of TC and ACWT ([Ref. 22,p. 3]. The primary
feature which makes the model selection decision a MADM
process is that there are a limited number of predetermined
alternatives [Ref. 22,p. 3]. In this case the alternatives
are the retention models being analyzed. By using the MADM
technique a final decision (model selecticn) can bhe made.

The Simple Additive Weighting Method, one of the best
known and widely used methods of MADM, was the method used for

this thesis [Ref. 22,p. 99-103]. To determine a preferred

model, a decision matrix must be constructed that includes the




MOE wvalues for each model. Because the Simple Additive
Weighting Method requires a comparable scale for all elements
in the decision matrix, a comparable scale matrix is obtained
using Equation 3.7 to convert the MOE values to comparable
units. In addition to the comparable scale decision matrix,
a set of importance weights are assigned to the MOEs, y =
{Wr.,Wawr} . It should be noted that w is normalized to sum to
one. The weights should reflect the decision makers marginal
worth assessment for each MOE. A total score (weighted
average) for each model (A;) and the most preferred model (A*)

can be determined as follows:

3.5

Ax =max {A;/|Vi=1,...,m}
2 3.6

E WiTi4
A.i = 3
E Wy 3.7

'r.ij = min {xilei = 1,- --,m} / xij

Where
m = the number of models being analyzed.
i = the i*" model of the m models.
j = the MOEs of TC (j=1) and ACWT (§=2).
wy; = the importance weight for the j* MOE.
ry; = the comparable scale value for the j*" MOE of
the i*" model.
X;; = the j*® MOE value for the i*" model.

Although MOE results (x,,) are transformed onto a

comparable scale (r,,) by Equation 3.7, the decision makers
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perspective regarding a difference of 0.2 between two model's
r,, for the attribute of ACWT may not have the same
significance as a difference of 0.2 between the same model's
r;; for the attribute of TC. For example, if the ACWT x;, is
1.0 day in Model 1 and 0.8 days in Model 2 and the TC x;, is
$80,000.00 in Model 1 and $100,000.00 in Model 2, a decision
maker would probably consider the change in the TC x,,s to be
more significant. But if TC and ACWT are weighted equally
Model 1 and Model 2 would have the same A;. The key to making
effective use of MADM techniques is selecting proper MOE
weights, Weights should be chosen to reflect the relative
significance of trade-offs between TC and ACWT.

Because the selection of MOE weights is somewhat
subjective and could vary between decision makers, three sets
of weights were used when comparing the performance of the
models (see Table 3). The use of three sets of weights will
show the sensitivity of model selection to MOE weights. The
sensitivity of model selection to changes in MOE weighting
should also identify models which perform better with respect

to total cost or ACWT.

TABLE 3. MADM MOE WEIGHT SETS




Due to the subjective nature of MOE weight selection
and the difficulty of determining the relative significance of
trade-offs between ACWT and TC between various models, the
MADM results should not be considered a solution to the
problem. For this thesis the results were used to help
develop criteria for selecting a model based on demand

scenaric and the decision maker's emphasis on the MOEs of TC

and ACWT.




IV. SIMULATION

A. SIMULATION STRUCTURE

A discrete event Monte-Carlo simulation was used to obtain
statistical estimates of the values of the measures of
effectiveness used in the thesis, The events of the
simulation occurred on a quarterly basis and were defined by
the activities associated with the UICP demand process.

The main routine of the simulation was representative of
the actions which occur in the Navy's UICP model given the
quarterly generated demand observations. Execution of these
actions is controlled by two "for" loops. The outer "for*
loop controlled the number of replications of the simulation
to be run. The inner “for" loop performed the functions of a
simulation clock and timing routine, where each increment of
the inner "for" loop represented one quarter. The major
procedures which are called in the timing routine are: Demand
Observation Generaticn, Demand Forecasting, Invertory Level
Setting (Levels), and Supply/Demand Review (SDR). complete
copy of the simulation is included in Appendix D e Pascal

code can be obtained from Navy Ships Parts Contrcl ‘enter,

Code 046, Mechanicsburg, PA 17055-0788).




1. Demand Observation Generation

Demand observations for the number of quarters
simulated, for each replication of a simulation, are generated
using an appropriately transformed pseudo-random number
generator. The resulting demand stream is a function of the
probability distribution that is selected (Normal or Poisson),
the mean quarterly demand, and the variance of demand. The
probability distribution, mean quarterly demand, and variance
of demand are specified during initialization of the
simulation. The method for generating a unique demand stream
for each replication of a simulation is discussed later in
this section.

The algorithm for generating demand observations with

a Poisson(A) distribution was based on the relationship
between the Poisson(A) and Exponential(1l/A) distributions

[Ref. 23:p. 503]:

1. Let a=e? b=1, and i = 0.
2. Generate U,,, ~ U(0,1) and replace b by bU,,;.
If b < a, return X = 1i.
Otherwise, go to step 3.
3. Replace 1 by i + 1 and go back to step 2.
The algorithm returns X, when the Zj.,(-log(U;)) is less than

A (equivalently, when Ili, (U;) < e?). Because the -log(U;)'s

are exyonential, they can be interpreted as the interarrival

times of a Poisson process having rate 1. Therefore, X = X(A)

is a Poisson random variate equal to the number of events that




have occurred by time A,

The algorithm fcr generating demand observations with
a Normal distribution was based on the "polar method®
[Ref. 23:p. 491]:

1. Generate U, and U, as IID U(0,1),
let Vv, = 20U, - 1 for V, and V.,
and let W = V;? + V%,
2. If W=> 1, go back to step 1.
Otherwise, let Y = [(-21n(W))/W]!/2,
X, = V.Y and ¥, = V,Y.
Then X, and X, are IID N(0,1) random variates.
The Uniform (U(0,1)) random number generator used in

the Poisson and Normal random variate algorithms is a prime
modulus multiplicative linear congruential generator 2Z[i] =
(630360016 * 2Z2[i-1]) (mod 2147483647), based on Marse &
Robert's portable FORTRAN random number generator UNIRAN [Ref.
23:p. 447]. The simulation has the capability to produce
20,000 unique seeds for the random number generator based on
the NXSEED function, also from Marse & Roberts [Ref., 23:p.
456). Using the NXSEED function, a unique demand streams for
each replication of a simulation is generated by reseeding the
random number generator with a new seed prior to generating
the next replication demand stream, A further discussion of
seed seleccion and unigque demand stream generation is
contained in Section IV.B.2.

Because the internal execution of the Supply/Demand

Review procedure is on a weekly basis, each quarterly random




demand observation is subdivided into a 13 week demand stream
as follows:

1. For i =1 to 13, the demand observation for
week (i) = 0.
2. For i = 1 to current quarter's demand observation
a. Generate a random uniform integer(X) from 1 to
13.
b. increment the demand observation for week (X)
by one.

This routine randomly disperses one quarters worth of demand
throughout the 13 weeks of a quarter,

An option at simulation initialization is to include
one to five trend periods and/or one to five step changes in
mean quarterly demand (D[(t], where t equals a specific
quarter). The trend function follows an exponential growth

pattern of the form [Ref. 24]:

D[t] = M, » (1+A*t(0)?) 4.1
Where:

M, = initial Trend Mean, the mean quarterly demand
at the beginning quarter of a trend period.

A = trend coefficient.

t(0) = at the beginning of each trend period this
variable is reset to one and incremented by one
at each quarter during a trend period.

B = trend power function.

The number of trend periods, the quarters in which a trend

starts and stops, and the parameters A and B for each trend




period are specified during initialization of the simulation.
The step function applies a step multiplier (any non-negative
number) to D[t-1] to determine D(t] [Ref. 24]. The number of
steps, the quarter in which the step occurs (D[t]) and the
step multiplier are specified during initialization of the
simulation.
2., Porecasting and Inventory lLevels Setting
This part of the simulation was written to emulate, as
closely as possible, the forecasting and cyclic levels
application (D0l) of the UICP model.
a. Forecasting

NAVSUP Publication 553 [Ref. 19:Chap. 3] contains
general background information on the forecasting application
in the D01 application. Single exponential smoothing or a
moving average is used to forecast mean quarterly demand,
depending on the results of step and trend tests. Single
exponential smoothing or a power rule is used to forecast Mean
absolute deviation of demand (MAD), depending on the results
of step and trend tests, A smoothing constant of 0.01 was
used for exponential smoothing in the simulation.

Prior to actual computation of the next quarterly
demand forecast, the most recent quarterly demand observation
is examined by two processes: "step” filtering [Ref. 19:Chap.

3]1; and the Kendall trend detection test [Ref. 25]. These

tests are used to determine if there has been a change in mean




'quarterly demand that is significant enough to warrant
discarding most of the historical demand data and to recompute
the forecast using only recent data. When the process is "out
of filter" or a trend is detected a four quarter moving
average is used to compute the next forecasted mean quarterly
demand. The MAD is then forecasted using a power rule [Ref.
26].
b. Lavels Computation

NAVSUP Publication 553 [Ref. 19:Chap. 3] contains
a description of the Levels computation application in the
D01. The purpose of this part of the software is to compute,
for a given Navy managed item, the economic ¢order quantity and
reorder point for the next quarter. The UICP calculations for
inventory levels were developed within the guidelines of DOD
Instruction 4140.39. Note that these guidelines follow an
approach used by Hadley and Whitin [Ref. 27]. The optimal
inventory levels are determined by minimizing an average
annual variable cost equation composed of ordering, holding,
and shortage costs. The level setting calculations in the
simulation are based on FMSO Level Setting Model Functional
Description PD82 [Ref. 28] which was written by the Navy Fleet
Material Support Office. Executable code obtained from the

Navy Ships Parts Control Center (Code 046) was used in the

simulation to perform the actual level setting calculations.




3. Supply/Demand Review (SDR)

The SDR routine of the simulation was cecded to
replicate the UICP model when processing material receipts,
issuec, and orders. In addition, a material disposal function
was incorporated in the routine. The disposal function occurs
bi-annually in conjunction with inventory stratification and
executes economic retention decisions. The events in the
SDR routine are driven iy the output from the Demand
Observation Generation, Forecasting, and Levels routines for
the respective quarter. The SDR routine is called once a week
during each quarter and the events occur in the following
sequence: material disposal (this disposal routine is used
only during the first week of the first and third quarters of
each year), receiving, issuing, and ordering. 1In addition,
the SDR routine calculates and records data for TWUS, ACWT,
and total cost.

| a. Material Disposals
A semi-annual inventory stratification was
performed to determine the "retention level* and to calculate
the amount of "potential excess." The economic retention
model specified during initialization of the simulation is
used to perform these calculations. The models available in

the simulation are:

UICP

Optimal
Traditional (TRAD)
Net Benefit (NB)




- Net Benefit-Mod (NB-MOD!
- Net Benefit-NPV (NB-NFV)

For simulation purposes all "potential excess" is
disposed of immediately and revenue from disposal is
determined by multiplying the unit price of the item by the
quantity disposed and the salvage rate (salvage rate is
specified by the user during initialization of the
simulation). Total cost for the simulation perior is reduced
by the discounted revenue recognized from disposal.

b. Material Receipt

Outstanding reorders are maintained in a "priority
heap* [Ref. 29:p. 149] in order of scheduled receipt date. If
an outstanding reorder is due in the current week, the reorder
is removed from the outstanding reorder heap. The receipt
quantity is applied to the outstanding backorders heap.
Backorders are removed from the heap and filled until all the
backorders were filled or the receipt quantity is exhausted.
If all backorders are filled, the remaining receipt quantity
is added to the current on-hand inventory.

c. Material Issue

If a demand is generated in the Demand Observation
Generation routine tor the current week and the current on-
hand inventory is sufficient to meet the requirement, then
material is issued and the on-hand inventory is decreased by

the amount of the demand. When the requirement is greater

than current on hand inventory, a backorder is created for the




amount of the requirement in excess of current on-hand
inventory. The backorder is inserted into the outstanding
backorder heap, a FIFO priority heap [Ref. 29:p. 149), based
on the date at which the backorder occurred.
d. Material oOrder

At the end of each week the inventory position
(IP) is examined to determine if a reorder is necessary [Ref.
19:p. 3.24/25].!' If IP is less than or equal to the reorder
point (RO) then a reorder is placed. An RO is calculated for
each quarter in the Levels routine prior to making the weekly

calls to the SDR routine. The reorder quantity (ROQ) equals:

ROQ = EOQ+RO+B()-0OH-0S 4.2
Where:
IP OH + 0S - BO

EOy economic order quantity for current quarter,
based on output from the Levels routine.

RO = reorder point.

BO = total backorders outstanding at the end of the
current week.

OH = total on hand inventory at the end of the

current week.
0S = total quantity of material. on order at the end
of the current week.

A random procurement leadtime is generated at the
time of reorder and a receipt date equal to the current date

plus this generated procurement leadtime is assigned tc the

'SDR is currently run somewhat less frequently and less
regularly than once a week at the Navy Inventory Control
Points.




reorder. The reorder is then inserted into the outstanding
reorder heap. The random procurement leadtime is based on a
normal distribution with mean of eight quarters and variance
of 64 quarters. The actual procurement leadtime used 1is
constrained to a maximum of 14 quarters and a minimum of two

quarters.

B. SIMULATION SET-UP
1. System Parameters

The UICP model system parameters and their default
settings are displayed in Table 4. The default values are the
same as those used in the UICP, Computation and Research
Evaluation System (CARES-DS56) [Ref. 30}.' Although any of
these parameters may be changed during initialization of the
simulation, the default CARES values were used for Total Cost
Analysis, Constant Demand Analysis, and Declining Demand
Analysis simulations. The capability to change these default
values was used in the Sensitivity Analysis simulations.

TABLE 4. SYSTEM PARAMETERS

Probability Break Point: 0

Min Risk(Prob of a stockout): 0.10

Max Risk(Prob of a stockout): 0.35

Shelf Life Code: 0

Order Cost Rate: 400.00:5/order
Obsolescence Rate: 0.12:$/unit-yr
Unit Price: 1500.00:5/unit

ICARES 1s an application designed to provide ICP
management with a tool to analyze and evaluate alternative
inventory management policies prior to their implementation in
UICP.




Time Preference Rate: 0.07:%/yY

Salvage Rate: 0.02:%/unit price
Storage Rate: 0.01:5/unit-yr
Procurement LeadTime: 8.00:gtrs

Shortage Cost: 1000.00:5$/unit-yr
Military Essential: 0.50

Requisition Size: l:unit/requisition

2, Random Number Seeds

As discussed in Chapter IV.A.l there is an array of
20,000 seeds available to seed the random number generator for
each replication of a simulation. During the initialization
of the simulation any series of seeds in the array equal to
the number of replications can be chosen. For example, in a
100 replication simulation, the series of seeds from 1 to 100,
900 to 999 or 10001 to 10100 can be specified, as long as the
starting seed position in the array is less than or egual to
20,000 minus the number of replications for the simulation.
The purpose of this feature is to allow for generation of
dependent or independent output samples from two or more
simulations. The importance of this feature is that it
affects the type of statistical test which may be performed
when comparing the output from two or more simulations.

For this thesis, dependent output samples were created
for all simulations run within each setting. This was
accomplished by specifying the same series of seeds for demand
stream generation for each simulation in a setting. Using

dependent demand streams for performance comparisons allows

for the comparison of the models in a similar demand




environment. However, the analysis must be done using a
statistical test for dependent samples such as the paired
difference t-test. If independent samples are desired, each
simulation would have to be run using a unique series of

seeds.

3. Number of Replications
In order to obtain reasonable precision in the
confidence intervals for the estimates of ACWT and total cost,
the absolute error method [Ref. 23:p. 536] was used to
determine the total number of replications to run. By using
the absolute error method with a simulation run consisting of
400 replications, absolute errors were obtained of no more
than 20% of the true mean ACWT and no more than 7.5% of the
true mean total cost with a probability of 0.95. Based on
these results, 500 replications were used in all simulations.
This yielded an absolute error of no more than 15% for the
true mean ACWT and no more than 5% for the true mean Total
Cost with a probability of 0.95. Although the error for ACWT
may appear rather high, the error, when measured in days, was
typically less than two days.
4. Initial Conditions Warm-up Period for Declining Demand
Analysis

Inherent in the simulation of a stochastic process is

the initial transient or the start-up problem. The difficulty




is in determining the warm-up period for a model. The warm-up
period covers the time it takes for the means of the random
variables being measured in a simulation to converge to their
steady state values.

We employed the "graphical procedure® that is due to
Welch [Ref. 23:p.544] to identify when the simulation
approached steady state. The Welch procedure is applied to
each demand scenario. The Welch graphs (Appendix E, Graphs 7
- 12) were generated from data that was obtained from a 100
replication, 80 quarter simulation. The steady state random
variable shown in the graphs is the investment (measured in
units) in a given quarter, averaged over all replications.
Investment in this case is the number of units on-hand plus
the number of units in outstanding orders at the end of a
quarter. Investment was chosen because it most accurately
reflects the balance between material issuing an¢ ordering and
when the inventory system has reached equilibrium or steady
state. Based on Graphs 7 - 12 in Appendix E, it was
determined that the simulated model reaches steady state with
respect to invastment by quarter 30 at the latest for all
demand scenarios.

The amount of time the random variable's mean remains
in a transient state is affected by the initial conditions of
the simulation. In an effcrt to reduce the warm-up period,
the following logic was used to determine the initial on hand

quantity, and to schedule receipt dates and quantities for
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reorders outstanding at the start of the simulation. The
initial quantity of on hand inventory is set equal to EQQ
divided by 2 plus safety stock [Ref. 17:p. 275]. 3afety stock
is set equal to the reorder point minus the forecasted
leadtime demand [Ref. 19:Chap. 3]. The number of reorders
outstanding at the start of the simulation is set equal to the
expected number of reorders outstanding at any instant of time
for the deterministic setting. This number equals the
procurement leadtime divided by a reorder interval (using a
0.5 rounding rule), where a reorder interval equals the EOQ
divided by the forecasted quarterly demand [Ref 31:p. 93].
For all simulations the EOQ, reorder point, and forecast for
quarter one is used to calculate these initial conditions.
The receipt dates of the reorders outstanding are uniformly
distributed from simulation time zero to simulation time zero

plus one procurement leadtime, and the quantity of each

reorder outstanding was set equal to the EOQ for quarter one.




V. SIMULATION RESULTS

A. OVERVIEW

This chapter will discuss the simulation results from the
Total Cost, Constant Demand and Declining Demand Analysis.
Total cost curves generated from the Total Cost Anrnalysis are
oresented in Appendix E, Graphs 13-24. The simulation results
and MADM analysis from the Constant Demand Analysis and the
Declining Demand Analysis are presented in Appendices A and B,
respectively. The remainder of this chapter will discuss the
general results of each Analysis based on the gcals of the
Analysis. In addition, specific observations which deserve

further analysis will be examined.

B. TOTAL COST ANALYSIS

The goal of thiec particular analysis was to determine if
a minimum Total Cost (TC) associated with a single retention
level ( symbolized by t, or RL ) existed in a stochastic
demand environment as Tersine showed for the deterministic
case [Ref. 14]. Assuming a minimum TC exists, an optimal
retention level (t,) for each demand scenario in the Total
Cost Analysis setting was determined that minimizes the
respective TC.

The results of the Tota!l Cost Analysis simulations show

that the TC curve for each demand scenario simulated is a




parabola (Appendix E, Graphs 13 to 24). While the high unit
price demand scenario TC curves had an easgily identifiable
minimum point, the low unit price demand scenario TC curves
tended to be flat in the vicinity of the minimum. This
indicates that for the low unit price settings there may be a
range of retention levels that yielcd statistically equivalent
minimum total costs. In addition, finding the best t, for the
low unit price settings may involve other MOEs such as ACWT.
Although all the total cost curves for the demand
scenarios simulated are parabolas, an interesting
characteristic in the TC curve for the LDLP demand scenario
can be observed (Appendix E, Graphs 18 and 24). There is a
"step" in the TC curve and specifically in the Total Order
Cost curve at a retention level of approximately 3.5 years
annual demand. The initial inventory position (IP) at time
zero after disposal of excess inventory, for a retention level
less than 3.5 years, was below the time zero reorder point
(RO) (the RO is depicted by the vertical line in Graphs 18
and 24) . This caused an additional reorder to be placed
during the simulation period for all retention levels less
than 3.5 years. 7The "step" down in the total order cost curve
ccurred after the retention level exceeded 3.5 years because
an additional recrder was not placed at time zero. The
magnitude of the ‘“"step" down was due to the high
administrative order cost ($850/order) in relation to the low

unit price ($20/unit) and low mean quarterly demand (2 units/qtr).
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Since the TC curves were parabolas, the next step in the
Total Cost Analysis was to determine the respective optimal
retention level (t,) that minimized TC for each demand
scenario in the Total Cost Analysis settings. For this
analysis the optimal retention level was defined as the
arithmetic mean of the retention levels which resulted in the
minimum total cost for each of the 500 replications of the
respective demand scenario simulation. The optimal inventory

level t,, was calculated as follows:

‘- Eti 5.1

n
Where:
i = index for a replication of a simulation.
n = total number of replications of a simulation.
t, = retention level which resulted in the minimum TC

for a specific replication of a simulation.
The t, values are presented in Table 5 under Alternative A.
The t, values represent years worth of demand at the
'forecasted annual demand rate.

In order to test the sensitivity of t, to different
initial inventory amounts, the simulations for the Total Cost
Analysis settings were rerun with an initial inventory of 75
years worth of annual demand. The results of these
simulations are shown in Table 5 under Alternative B. The
results presented in Table 5 indicate that t, is very robust

with respect to initial inventory.
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TABLE 5. TOTAL COST ANALYSIS OPTIMAL RETENTION LEVEBLS

HDHVHP 6.7 +0.35 6.8 +0.62
HDLVHP 5.6 +0.12 5.5 +0.23
HDHVLP 10.6 +0.61 10.1 +1.10
HDLVLP 8.4 +0.25 8.3 +0.48
LDHP 6.4 +0.25 6.3 +0.50
LDLP 16.3 +0.44 15.8 +0.88

ZC.I. 1s a Ob% contidence interval on to

To summarize, the initial results indicate that a t,
exists for each demand scenario simulated, and the value of t,
varies considerably with respect to unit price, mean quarterly
demand and variance of demand. The following correlation
between t, and unit price, mean quarterly demand and variance
of demand in a stochastic environment can be developed. As
unit price increases t, decreases, as mean quarterly demand
increases t, decreases, and as variance of demand increases t,

increases.

C. CONSTANT DEMAND ANALYSIS

The goal of this analysis was to observe the performance
of the various proposad models under the same conditions used
in the Total Cost Analysis. We hoped to draw some conclusions
about the performance of these models in a stochastic

environment by comparing the performance of the models to the
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appropriate optimal retention levels (t,) obtained from the
Total Cost Analysis.

Simulation and performance comparison results are
presented in Appendix A. ACWT and TC values that appear in
bold print in Appendix A indicate these values are
statistically eqgual to or less than the respective optimal
value, based on the paired difference t-tests conducted in the
performance comparison.

Table 6 summarizes the results of the performance
comparison. The table is designed to be a decision tool to
assist in determining which models might be appropriate for a
specific demand scenario with respect to the relative weight
that management places on the MOEs of TC and ACWT. Entries in
Table 6 indicate which models were the best performers for a
specific combination of demand scenario and MOE weighting.

TABLE 6. CONSTANT DEMAND ANALYSIS SUMMARY RESULTS
AND DECISION TABLE

} DEMAND SCENARIO MOE WEIGHTING }

Mean Demand | Unit
Demand Varlance Price

i'
' Total |Mostly| Equal [Mostly| ACWT
} Cost (TC)| TC = | TC/ACWT | ACWT




While no single model's RL consistently matched the
optimal retention level, the NB-MOD model performed the best
across all demand scenarios. Additionally, there was
typically at least one model's RL which matched the optimal
for each demand scenario.

The RL for the TRAD model remained constant for all demand
scenarios because mean quarterly demand, unit price, and
demand variance are not parameters in the calculation of the
TRAD model's RL. The RLs for the "net benefit" models as a
group behaved the same as the optimal with respect to changes
in mean gquarterly demand and unit price as discussed in the
Total Cost Analysis results. Changes in demand variance had
little effect on the RLs of the "net benefit" models, most
likely because demand was assumed to be deterministic in the
derivation of the basic net benefit equation.

The following general observations can be made from the
performance comparison results. Based solely on TC, there was
usually one model which obtained the true optimal solution.
The only exception was for the HDLVHP demand scenario in which
no model had a TC which was statistically equal to the true
optimal solution. This can most 'ikely be explained by the
fact that the total cost curve for the HDLVHP demand scenario
(Appendix E, Graph 14) has the most distinct minimum point on
its curve as compared to the other demand scenario total cost
curves. This argument is also supported by the fact that the

confidence interval about the optimal retention level for the
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HDLVHP demand scenario is the smaller than the confidence
intervals of the other demand scenario optimal retention
levels (Chapter V, Table 5).

When taking into account ACWT and TC there were generally
several models which performed as well as or better than the
optimal, with the NB-MOD model being the most consistent top
performer. The TRAD model consistently had a higher RL and
was the best performer with respect to ACWT for all demand
scenarios except HDLVLP and LDLP. For the latter two demand
scenarios the difference between all the models' respective
ACWTs' was insignificant.
| It is interesting to note that under the HDHVLP and LDLP
demand scenarios the TRAD and NB-NPV models had lower average
total costs than the respective optimal solution. The lower
TC for the two models could be expected due to the fact that
both the HDHVLP and the LDLP TC curves (Appendix E, Graphs 15
and 18) from the Total Cost Analysis were flat in the vicinity
of the minimum TC point on the curve. After further analysis
it was determined that the calculated optimal retention level
for the HDHVLP and the LDLP demand scenarios may vary
depending on how optimality was defined in the Total Cost
Analysis. In light of the HDHVLP and LDLP results an
alternative definition of the c¢ptimal retention quantity was
developed.

In the Total Cost Analysis the optimal retention level, t,

for each demand scenario in Chapter V Table 5 (Alternate A)
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was defined as the arithmetic mean of the retention levels
which resulted in the minimum total cost for each of the 500
replications of the respective demand scenario simulation.
The revised optimal retention level (t*) was defined as the
retention level associated with the arithmetic mean of the

minimum total costs of all the replications of the respective
demand scenario cimulation. The revised optimal retention

level t* was calculated as follows:

o
Ecti 5.2
[ =
t* = argmin T, 5.3
tET
Where:
C. = the average TC for a specific retention level

across all replications of a simulation.

the TC for a specific retention level and a
specific replication of a simulation.

a specific retention level simulated.

the set of all retention levels simulated (0.0,
0.5,1.0,1.5,.....,m)

initial on hand inventory prior to disposal.
index for a replication of a simulation.

total number of replications of a simulation.

0
kil
1

i n

Table 7 presents the t, and t* values for all demand
streams, The values for t* tended to be greater for the HDHVLP

and LDLP demand scenario, and were also closer to the

respective retention levels obtained from the TRAD and NB-NV




models than to tne respective values for t,. For the HDHVLP
demand scenario this guantity was 13 years and for the LDLP
demand scenario this quantity was 17 years. It should be noted
that the differences between the respective t* for the
remaining demand scenarios and the optimal t, were not

statistically significant.

TABLE 7. OPTIMAL RETENTION LEVELS CALCULATION ANALYSIS

ALTERNATIVE

+

+ k3

k4 k
HDLVLP 8.4 + 0.25 8.5 + 1.5
LDHP 6.4 + 0.25 6.5 + 1.0
LDLP 16.3 _ % 0.44 | 17.0 + 1.0

.I. 1s a

The difference between t, and t* for the HDHVLP and LDLP
demand scenarios can be attributed to backorders which
occurred when the Total Cost Analysis optimal quantity, t,,
was retained and which did not occur when the t* guantity was
retained. The backorders occurred in approximately 17% to 15%
of the replications of the Constant Demand Analysis

simulations due to large spikes in observed demand between




quarters 30 and 55. However, the extra stock held when t* was
retained was sufficient to satisfy this increased demand.
Because the two demand scenarios were low unit price
($20/unit) scenarios, the high shortage cost ($1500/unit year
of shortage) tended to dominate TC. Therefore when these
backorders occurred, the TC for the t, retention level
increased by 120% to 150% and was significantly higher than
the TC for the t* retention level. This tended to force the
simulation average minimum TC out to t*.

It should be noted that for 85% to 90% of the Constant
Demand Analysis simulation replications the t, retention level
resulted in the minimum TC. Additionally, over an entire
simulation the average total costs for the HDHVLP and LDLP
demand scenarios and the TRAD and NB-NPV models, respectively,
were statistically equal to the respective average optimal
total cost based on the t, retention level.

In summary, it is difficult to conclude whether t, or t*
better defines the optimal retention guantity for the HDHVLP
and LDLP demand scenarios. Although there is a significant
difference between t' and t* for the HDHVLP and LDLP demand
scenarios, the average total costs which result from the two

retention levels are statistically equivalent.

D. DECLINING DEMAND ANALYSIS

The goal of this analysis was to compare the models in a

scenario that involved declining mean quarterly demand. For




this analysis, simulation and performance comparison results
are presented in Appendix B. ACWT and TC values that appear
in bold print in Appendix B indicate the values which were the
best performers from among the five models. When more than
one value is in bold print this indicates that the values were
statistically equivalent based on the paired difference t-
tests.

The values for TC and ACWT shown in Appendix B were
accumulated over gquarters 30 through 66 in the respective
Declining Demand Analysis simulations. Data for TC and ACWT
was originally collected for the full 66 quarters of each
Declining Demand Analysis simulation. The results using the
full 66 quarters of data were significantly affected by the TC
and ACWT data collected during quarters 1 through 29 when mean
quarterly demand was constant. In general, the results
showed that the performance of all of the models was
statistically equal when the full 66 quarters of data were
used. Therefore, in order to get a more accurate picture of
the effect each model's RL had on the its TC and ACWT during
the declining demand period, data for the performance
comparison was collected for quarters 30 through 66 only.

Table 8 summarizes the results of the performance
comparison. The table is designed to be a decision tcol to
assist in determining which models might be appropriate for a
-specific demand scenario with respect to the relative weight

management places on the MOEs of TC and ACWT. Entries in
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Table 8 indicates which models were the best performers for a
specific combination of demand scenario, pattern of declining
demand and MOE weighting.

TABLE 8. DECLINING DEMAND ANALYSIS SUMMARY RESULTS
AND DECISION TABLE

DEMAND SCENARIO MOE WEIGHTING
Mean Demand Unit |Decline ffl Total | Mostly | Equal | Mostly | ACWT
Demand |Variance| Price | Pattern |f| Cost TC TC/ACWT| ACWT
High High High Step 4 2,4 2,4 2-5 1,5
Convex 4 2,4 2,4.,5 2,8 1.5
Concave 4 2,4 2-4 3,4 1,5
Low Step 2-4 3 3 3 3
Convex 3 3 3 3 3
Concave 2-4 3 3 3 3 "
Low High Step 4 4 4 4 1-5
Convex 4 4 4 4 1-5
Concave 4 4 4 4 1-5
Low Step 5 5 5 5 1-5
Convex 1,4 1,4 1,4 1,4 i-5
Concave 5 5 5 5 1-3 ,:u
Low High |[Step 2-4 1,3 1,3 1,3 1,3
Convex 2,4 2,3 1-3 1,3 1
Concave 2,4 2,3 1-3 1,3 1 ]
Low Step 2-4 2-4 2-4 2-4 1-4 1'
Convex 1-4 2-4 2-4 1-4 1-4 u
Concave 4 4 4 1-5 1-5

Legend: 1 . TRAD, 2 = NB, 3 = NB-MOD, 4 = NB-NPV, 5 = UICP
R

The following general observations can be made from the

results of the performance comparison. No one model dominated
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across all demand scenarios based on TC alone. For the
*mostly TC" and "mostly ACWT" categories of management
emphasis, the NB-MOD and the N3-NPV models were consistently
top performers regardless of demand scenario and pattern of
declining demend. For the "only TC" category of management
emphasis, the NB-NPV model was consistently a top performer
regardless of demand scenario and decline pattern. Similar to
the correlation seen in the Total Cost Analysis between the
changes in the RL and changes in demand, the RLs for the "net
benefit" models increased as demand decreased during the
simulation's period of declining mean quarterly demand. The
increases were most apparent for the low unit price scenarios.
Because the RLs for the *Net Benefit" models were changing
throughout the Declining Demand Analysis simulations, the
retention levels shown in the Declining Demand Analysis
results (Appendix B) represent the average RL over quarters 30
through 66. Graphical illustrations of the change in the RLs
for all of the demand scenarios and patterns of declining
demand are shown in Appendix E, Graphs 25 to 42.

There are several noticeable effects on the RL
calculations made during periods of declining demand, using
the "net benefit" models. The effects can be attributed to
the demand forecasting method used in UICP and the use of the
forecasted demand in the RL calculations. First, there is a
lag between the time the declining demand period starts and

the time the RL reacts to the changing demand. This lag is
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directly correlated to the lag betweein the time the actual
demand changes and the time the forecasted demand reflects
this change.

Second, the step-~ups in RLs for the demand scenarios with
high quarterly mean demand (Graphs 28 to 33 and 37 to 42)
occurred when a "trend' (declining demand) was detected by the
UICP demand forecasting application. When a “trend" is
detected, demand forecasting switches from simple exponential
smoothing to a four gquarter moving average. This change in
forecasting method caused the forecasted demand, reorder
quantity (EOQ) and reorder point to drop rapidly, which in
turn resulted in the step increases in the RLs. The step is
more prominent in the demand scenarios with a convex pattern
of declining demand. This is due to the fact that the
decrease in demand was more rapid for the convex pattern of
declining demand and the final forecasted quarterly demand was
approximately one unit per quarter less than the concave and
step patterns of declining demand.

Third, the steps down in the RLs for the demand scenarios
with low mean quarterly demand and high unit price (Graphs 25
to 27) occurred when actual demand approached zero at the end
of the declining demand period and the forecasted demand had
not yet stabilized. For some simulation replications, several
quarters of zero demand, in seguence, were observed when
actual mean quarterly demand was close to zero after the

period of declining demand. For these replications and
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quarters this caused the forecasted demand and the RLs cto go
to zero. Therefore, the simulation =verage RLs for those
quarters were lower than the average RLs for the remaining
quarters. When the demand forecast stabilized about the final
mean quarterly demand, the RLs also stabilized.

Finally, the RLs for the NB-MOD model in the demend
scenarios with high mean gquarterly demand and high unit price
did not increase as expected when demand decreased (Graphs 28
to 33). This can be attributed to the decrease in expected
number of shortages as demand decreased. The NB-MOD model RL
(Equation 2.24) is a function of the NB mocel RL (Eguation
2.13) plus a term added to account for potential shortages
As seen in Graphs 28 through 33 the NB model RLs were
increasing as demand decreased. Because the NB-MOD mcdel RLs
are decreasing in these same scenarios, this indicates that
the increase in the RLs due to the decrease in demand was more
than offset by the reduction in the RLs due to the decrease in
expected number of shortages.

A gpecific observation which warrants further discussion
is the effect that the five unit minimum Retention Quantity
(RQ) congtraint (used in the UICP retention logic) has on the
results of simulations involving low mean gquarterly demand.
The Declining Demand Analysis simulations were originally run
with only the UICP model constrained to a minimum RQ of five
uynits. As a resulc, when forecasted annual demand approached

7ero at the end of the declining imean quarterly demand period,
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the UICP RQ remained fixed at five units while the
unconstrained RQs for all of the mathematical models
approached zero. In essence, without the constraint the
mathematical models' RQ stayed at zero regardless of how large
the respective RLs were. Additionally, while the UICP RQ
remained a five units, the RL grew substantially. PRased on
preliminary results it became apparent that the five unit
minimum retention quantity gave the UICP a significant
advantage over the other modelis with regard to total cost and
average customer wait time. The five unit minimum retention
gquantity was then applied to all the models and the Declining
Demand Analysis simulations were rerun to determine what
effect this constraint would have. We found that this minimum
retention quantity improved the performance in both the TC and
ACWT MOEs for all of the models and these results were used to

make the final performance comparison presented in Appendix B

and Table 8.




VI. SENSITIVITY ANALYSIS

A. OVERVIEW

The sensitivity analysis was designed to determine how
changes in selected parameter values affect the retention
levels of the respective models. The parameters used in this
analysis were chosen because it is extremely difficult to
accurately estimate the parameter values from available
historical costs. The estimates for these rates could be
somewhat inaccurate because the historical costs associated
with a given parameter are either not available or not easily
allocated to the individual items. Therefore, it is important
to determine how each model reacts to changes in these rates.
The goal of the sensitivity analysis is to identify which
model's RL calculations are robust with respect to changes in
the various parameter values. This information should aid
decision makers in the selection of an appropriate model based
on the level of uncertainty in the value of a specific
parameter. In addition to the robustness of the RL's of the
models based on changes in a given parameter, we will also
look at the robustness of the model's performance, with
respect to TC and ACWT for four specific scenarios from the
Declining Demand Analysis.

The sensitivity analysis was conducted for two demand
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scenarios (HDHVHP and LDHP) and two declining demand patterns
from the Declining Demand Analysis (zonvex and concave). For
each combination of demand scenario and declining demand
pattern, four parameters were analyzed. For each parameter
four values (including the UICP (CARES) default rates used in
the Declining Demand Analysis) were used, Table 9 summarizes
the 16 simulation settings which resulted from combinations of
demand scenario, declining demand pattern and parameter
values, For a specific setting all other parameters and
simulation characteristics were identical to those used in the
Declining Demand Analysis for the respective demand scenario
and declining demand pattern.

TABLE 9. 16 SENSITIVITY ANALYSIS SIMULATION SETTINGS

o S L W T TR e
OBSOLESCENCE SALVAGE HOLDING COST ORDER COST
RATE RATE RATE RATE
0.06 0.01 0.01+* 200
$/UNIT-YR %/UNIT COST $/UNIT-YR S/0RDER
0.09 0.02+ 0.03 400
$/UNIT-YR %/UNIT COST $/UNIT-YR S/0ORDER
0.12* 0.05 0.05 oo~
S/UNIT-YR %/UNIT COST $/UNIT-YR 8/0ORDER
0.15 0.15 0.07 1200
8$/UNIT-YR %/UNIT COST $/UNIT-YR &/0RDER

Denotes UICP{CARE efault value)

B. RESULTS

Simulation and performance comparison results are

presented in Appendix C. The ACWT and total cost in bold




print indicate the value which is the best performer in its
respective MOE category. When more than one value is in bold
print this indicates that the values were statistically
equivalent based on the paired difference t-test. Table 10
and Table 11 summarize the effects the varying rates had on
each model's RL for the HDHVHP demand scenario and the LDEP
demand scenario, respectively.

In general, based on the results displayed in Tables 10
and 11 the following observations can be made with regards to
the sensitivity of the RL's of the models to changes in a
given parameter. All models were robust with respect to
changes in order cost rate and the three "net benefit" models
were robust with respect to changes in the holding cost rate.
The TRAD model was sensitive to changes in holding cost rate
and all models showed sensitivity to changes in obsolescence
rate. The type of demand scenario had little effect on the
RL's for all of the models.

Observations regarding the sensitivity of the models due
to changes in 2 given parameter value are summarized in Table
12. The observations in Table 12 indicate the effect of
changes in a given parameter value for a specific demand
scenario and pattern of declining demand on the performance of
the various models. For each parameter, the respective UICP
(CARES) default parameter value was used as the comparison
baseline. The following types of observations were made.

Observation type 0 means no significant change occurred in a
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TABLE 10.

RANGE OF AVERAGE RL

HDHVHF SCENARIO

Holding

Cost

:Obsolete

|
|
|
|

Salvage

Rate TRAD |NB

Decline | Rat MoD NPV UICPp ]
Convex Low 13.9 | 5.4 7.1 5.0 8.0
High 6.7 4.2 5.7 4.0 8.0
Concave Low 13.9 5.4 6.9 5.0 8.0
High 6.7 4.2 5.5 4.0 8.0
Co;;;; Low ;#.9 _5.3 '";‘; 4;;___-8.; |
High 13.9 |s.5 7.2 5.1 8.0
concave Low 13.9 5.3 6.8 4.9 8.0
High 13.9 5.4 6.9 5.0 8.0
Convex Low ;;.? “;:6 A;T;V 6.8 } 64;7
High 12.3 4.8 6.3 4.4 8.0"
Concave Low 18.6 | 7.6 8.1 6.8 8.0
High 12.3 4.7 6.1 4.4 8.0
Convex Low 1;.7 5.5 7.1 5.1 78.0
High 8.5 4.0 6.4 4.3 8.0
Concave Low l4.7 5.4 6.9 5.0 8.0




TABLE 11. RANGE OF AVERAGE RL - LDHPF SCENARIO

Rate Decline Rate TRAD | NB MOD NPV UICP

Holding Convex Low 13.9 | 5.8 6.5 5.4 8.0

Cost High 6.7 4.8 5.2 4.4 8.0
Concave Low 13.9 6.3 7.2 5.8 8.0

High 6.7 5.0 5.7 4.7 8.0

Orderxr Convex Low 13.9 5.4 6.1 5.0 8.0
Cost High 13.9 |é6.0 6.8 5.6 8.0
Concave Low 13.9 5.7 6.6 5.4 8.0

High 13.9 |6.6 7.5 6.1 8.0

Obsolete Convex Low 18.6 8.0 8.9 7.1 8.0

High 12.3 |{5.1 |5.8 |4.08 |e.0

Concave Low 18.6 8.7 2.8 7.7 8.0

===b

High 12.3 5.6 6.4 5.2 8.0

Salvage Convex Low 14.7 | 5.8 6.6 5.5 8.0

High 8.5 5.2 5.9 4.7 eg.0

Concave Low 14.7 6.3 7.3 5.9 8.0




model's performance. Observation type 1 occurred when a
model's performance improved for parameter values greater than
the respective UICP (CARES) default parameter value.
Observation type 2 occurred when a model's performance.
improved for parameter values less than the respective UICP
(CARES) default parameter value. Observation type 3 occurred
when a model's performance declined for parameter values
greater than the respective UICP (CARES) default parameter
value. Observation type 4 occurred when a model's performance
declined for parameter values less than the respective UICP
(CARES) default parameter value.

Based on the results displayed in Table 12 the following
general observations with regards to the sensitivity can be
made, The performance of the NB and NB-MOD models was robust
with respect to changes in all parameter values for all
scenarios. The performance of the UICP model was sensitive to
changes in all parameters values, except salvage rate, for all
LDHP scenarios. The performance of the TRAD model tended to
improve with both increases and decreases in the obsolescence
rate and salvage rate parameter values for all HDHVHP
scenarios. The NB-NPV model's performance tenced to decline

for salvage rate parameter values greater than the UICP

(CARES) default value in both the LDHP and HDHVHP scenarios.




TABLE 12. SENSITIVITY ANALYSIS PERFORMANCE OBSERVATIONS

Rate Decline Demand TRAD I NB MOopR NPV UICP R
Holding Convex LDHP 0 0 3 0 1
Cost HDHVHP [ (] o 0 0
Concave LDHP 0 (/] 0 0 1
HDHVHP 0 /] 0 0 0
Order Convex LDHP o 0 4 0 3
Cost HDHVHP 0 0 0 0 o
Concave LDHP 0 0 o 0 3
HDHVHP 0 0 0 0 0
r Obsolete Convex LDHP c 0 (/] 0 1
HDHVHP 2 1] ] (/] (2]
Concave LDHP 0 0 4 0 4
| HDHVHP 2 0 0 0 [*)
Salvage Convex LDHP 0 0 0 3 0 ]
HDHVHP 1 0 (/] o o
Concave LDHP (o (] o 3 o
L. HDHVHP 1 0 0 3 1

The sensitivity analysis can be summarized as follcws.
Although the RL for the TRAD model displayed the most
sensitivity to changes in the parameter values analyzed, it
had little effect on the performance of the TRAD model as
compared to all other models analyzed. The UICP model

performance displayed the most sensitivity to changes in the

parameter values analyzed.




VII. OVERVIEW, CONCLOSION AND RECOMMENDATIONS

A. OVERV1EW

This thesis evaluated the effectiveness of the Navy's UICP
economic retention model. The evaluation was performed by
comparing several mathematical economic retention models with
the Navy's retentior model. There were two primary factors
that motivated this thesis. First, the Navy does not
currently apply economic retencion theory when making
retention decisions for the majority of tne material managed
by the Navy. Second, the excess inventory problem will
continue to grow as the Navy's budget and fleet are further
reduced.

An analysis of the models was performed for a variety of
demand scenarios in both steady state and declining demand
situations. The analysis was designed with two goals in mind.
The first goal was to determine which model(s) were most
effective in a demand environment similar to the Navy's
stochastic demand environment. The second goal was to
evaluate how the Navy's retention process performed with
respect to the mathematical models.

A simulation of the Navy's UICP demand process and the

mathematical retention models was developed. The evaluation




of the wvarious models was based on the measures of
effectiveness (MOE) of total cost (TC) over a specified period
of simulation time and average customer wait time (ACWT) per
requisition for all requisitions generated over a specified
period of simulation time. The research also examined model
sensitivity to changes in various parameters common to the
models. The parameters were chosen for the analysis because
UICP uses estimates of the true rates and these estimates
could vary considerably from the true rates. Results of the
sensitivity analysis helped to determine the practicality of

applying the models in the UICP environment.

B. CONCLUSION

The findings of this research showed that, of the models
analyzed, there was not one economic retention model or
retention quantity which yielded the lowest total cost and
ACWT for all of the demand and retention scenarios analyzed.
There were two factors which contribute to this. First, the
optimal retention level varied significantly with demand
scenario and management weighting of the MOEs of TC and ACWT.
Second, all the models analyzed did wot account for the
stochastic nature of demand for Navy managed items. But,
based on the results of all analysis, the "net benefit"
models, as a group, performed the best and generally performed

better than the UICP retention model. Additionally, for most

demand scenarics in both the Constant and Declining Demand




Analysis, the decision on which mcdel to chose could typically
be determined by total cost alone. This was due to the fact
that the difference in the models' ACWTs (measured in days)
for each demand scenario, were generaily small.

The results of the Total Cost Analysis showed that there
was a unique 'optimal" retention level for a given demand
scenario in a stochastic demand environment. It also showed
that the "optimal®" retention level varies significantly with
changes in unit price, mean quarterly demand and variance of
mean quarterly demand.

The Constant Demand Analysis compared the models to the
"optimal" retention level determined in the Total Cost
Analysis. In general, when considering both TC and ACWT the
mathematical models performed well in the Navy's stochastic
demand environment with respect to the performance obtained
from the *"optimal®" retention level. Additionally, there was
typically at least one model which performed as well as the
“optimal" retention level with respect to TC alone. The NB
and NB-MOD models consistently outperformed the UICP medel
when management emphasis was placed on total cost or mostly on -
total cost.

The results of the Declining Demand Analysis indicated
that the "net benefit" models, .3 a group, were the best
performers over all scenarios and typically outperformed the
UICP retention model. Th= average retention quantities of the

best performers in the Declining Demand Analysis varied with
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changes in the unit price, mean quarterly demand and the
variance of mean quarterly demand in a pattern similar to that
observed in the Total Cost Analysis for the ‘'optimal*
retention level, The declining demand pattern had little
effect on overall modsl performance.

The performance of the TRAD model dominated the
performance of the other models across all analysis scenarios
with respect to ACWT. But the performance of the NB, NB-MOD
and UICP models was competitive with respect to ACWT in most
of the Declining Demand Analysis scenarios. It is important
to note that while there was generally a significant variation
in ACWT in terms of percentage difference, in most cases the
difference in terms of days was typically small. This
observation applies to both the Constant and Declining Demand
Analysis.

The results from the sensitivity analysis showed that the
performance of the "net benefit® models, as a group, was
robust with respect to changes in all the parameters analyzed.
The UICP model performance showed the most sensitivity to
parameter changes, especially with respect to the low demand
gscenarios. Although the RL for the TRAD model displayed the
most sensitivity to changes in the parameter values analyzed,

it had little effect on the performance of the TRAD model as

compared to all other models analyzed.




C. RECOMMENDATIONS

There are three areas related to this research which merit
further study. First, because all of the models' actual
retention quantities are dependent upon the demand forecasting
method, the effectiveness of a model is 1limited by the
accuracy of the demand forecast. It would be interesting to
see how performance would change if demand forecasts were
adjusted for known changes in future demand (i.e. declining
demand due to decommissioning of ships). Second, further
modifications to the NB-MOD model could be made to improve the
treatment of the stochastic nature of demand. Modifications
could include changes in the holding cost savings and
repurchase cost terms. The goal would be to develop a model
which performed effectively across all demand scenarios.
Third, the simulation developed for this thesis could be
modified to include the Navy's repairable item demand process

in the Forecasting, Levels and Supply/Demand Review procedures

of the main program.




APPENDIX A. CONSTANT DEMAND ANALYSIS RESULTS

HDHVHP
OPTIMAL TRAD NB NB-MOD NB-NPV uiCP
ACWT 26.65 15.82 27.03 25,91 28.30 24.57
TOTAL COST 1958776.92| 2414434.20] 1975859.01] 7960427.91] 1987098.52 | 1976036.07
YRS RL 6.72 13.88 5.20 7.02 4.80 8.00
MADM % ACWT /% TC
25/75 0.90 0.86 0.89 0.90 0.88 0.80
75/25 0.70 0.95 0.69 0.71 0.67 0.73
50/50 0.80 0.91 0.79 0.80 0.77 0.82
HDHVLP
OPTIMAL TRAD NB NB-MOD NB-NPV uicP
ACWT 4,49 3.48 6.50 4.08 6.83 6.49
TOTAL COST A6B01.60| 45729.89] 53079.08]  48005.34| 54968.84] 52995.40
YRS AL 10.56 13.88 7.42] 8.55 6.77 8.00
MADM % ACWT /% TC
25/75 0.93 1.00 0.78 0.89 0.75 0.78
75/25 0.83 1.00 0.62 0.76 0.59 0.62
50/50 0.88 1.00 0.70 0.83 0.67 0.70
HDLVHP .
OPTIMAL TRAD NB NB-MOD NB-NPV UicP
ACWT 10.55 5.87 11.06 0.92 10.94 9.49
TOTAL COST 1553346.41] 2245282.768] 1555618.75] 1577861.26] 1560130.79| 1620726.40
YRS RL 5.56 13.88 5.20 7.00 4.80 8.00
MADM % ACWT /% TC
25/75 0.89 0.77 0.88 0.89 0.88 0.87
75/25 0.67 0.92 0.65 0.69 0.65 0.70
50/50 0.78 0.85 0.76 0.79 0.77 0.79
HDLVLP
OPTIMAL TRAD NB NB-MOD NB-NPV uicP
ACWT 0.98 0.67 112 0.96 1.23 1.08
TOTAL COST 31781.21| 35668.80] 32172.09 31934.70] 32681.24] 31950.82
YRS RL 8.35 13.88 7.42 9.55 6.77 8.00
MADM % ACWT /% TC
25/75 0.92 0.92 0.89 0.92 0.87 0.80
75/25 0.76 0.97 0.70 0.77 0.65 0.71
50/50 0.84 0.95 0.79 0.85 0.76 0.81
LDHP
OPTIMAL TRAD NB NB-MOD NB-NPV JicP
ACWT 12.76 7.60 12.59 12.75 12.73 12.30
TOTAL COST 185406.95| 238742.40] 185804.54| 185257.77| 186368.40| 188184.15
YRS RL 6.44 13.88 5.85 6.64 5.46 8.00
MADM % ACWT /% TC
25/75 0.90 0.83 0.90 0.90 0.89 0.89
75/25 0,70 0.94 0.70 0.70 0.70 0.71
50/50 0.80 0.89 0.80 0.80 0.80 0.30
LDLP
OPTIMAL TRAD NB NB-MOD NB-NPV uicP
ACWT 0.72 1.01 0.20 0.04 0.61 157
TOTAL COST 5812.02 5966.92 6383.07 6685.97 5789.77 7321.19
YRS RL 16.30 13.88 23.36 26.09 16.77 B.00
MADM % ACWT /% TC
25/75 0.76 0.74 0.73 0.90 0.77 0.60
75/25 0.29 0.27 0.38 0.97 0.30 0.22
50/50 0.53 0.50 0.55 0.93 0.53 0.41




Constant Demand Analysis Results Model Ranking by MADM Results

L 1 | 2 | 3 | a | s | & |
HDHVHP
25% ACWT /75% TC UICP* NB-MOD* |OPTIMAL* NB NB-NPV TRAD
75% ACWT /25% TC TRAT uicp NB-MOD | OPTIMAL NB NB-NPV
50% ACWT /50% TC | TRw~. | UICP | NB-MOD | OFTIMAL | NB__ | NB-NPV
HDLVHP
25% ACWT / 75% TC |OPTIMAL*| NB-MOD* NB NB-NPV vicp TRAD
75% ACWT /25% TC TRAD uicpe NB-MGD | OPTIMAL | NB-NPV NB
50% ACWT /50% TC TRAD uicp NB-MOD | OPTIMAL | NB-NPV NB
HDHVLP
25% ACWT /75% TC TRAD OPTIMAL | NB-MOD UICP NB NB-NPV
75% ACWT /25% TC IRAD OPTIMAL | NB-MOD UICP NB NB-NPV
50% ACWT /50% TC TRAD OPTIMAL | NB-MOD UICP NB NB-NPV
HDLVLP
25% ACWT /75% TC | TRAD* | NB-MOD* [OPTIMAL* UICP NB NB-NPV
75% ACWT /25% TC TRAD NB-MOD | OPTIMAL uicp NB NB-NPV
50% ACWT /50% TC TRAD NB-MOD | OPTIMAL UICP NB NB-NPV
LDHP
25% ACWT / 75% TC | NB-MOD* NB* OPTIMAL*| NB-NPV vICP TRAD
75% ACWT /25% TC TRAD uicp NB NB-MOD | OPTIMAL | NB-NPV
50% ACWT /50% TC TRAD UiCcP NB NB-MOD | OPTIMAL | NB-NPV
LDLP
25% ACWT /75% TC | NB-MOD | NB-NPV | OPTIMAL TRAD NB uicp
75% ACWT / 25% TC | NB-MOD NB NB-NPV | OPTIMAL TRAD UICP
50% ACWT /50% TC | NB-MOD NB NB-NPV | OPTIMAL TRAD UICP

Note: * indicates models have sarrie rank and are both ranked as 1.
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APPENDIX B. DECLINING DEMAND ANALYSIS RESULTS

Declining Demand Analysis Results: HDHVHP
STEP DECREASES TRAD NB NB-MOD | NB-NPV uiCcP
ACWT _ 9.32 12.14 11.78 13.12 10.90
TOTAL COST 220789.55| 204371.92] 208616.37 | 203448.36| 211492.75
AVG YRS RL 13.88 5.35 6.84 4.94 8.00
MADM

25% ACWT / 75% 1C 0.94 0.94 0.93 0.93 0.94

75% ACWT / 25% TC 0.98 0.82 0.84 0.78 0.88

50% ACWT /50% TC 0.96 0.88 0.88 0.86 0.91
CONVEX DECREASES THAD NB NB-MOD | NB-NPV UICP
ACWT 24.01 25.77 25.69 26.45 24.55
TOTAL COST 549545.12| 334089.74[ 338326.17 [ 333267.81| 340333.27
AVG YRS Rl 1 13.88 5.43 7.08 5.02 8.00
(MADM

25% ACWT / 75% TC 0.97 0.98 0.97 0.98 0.98

75% ACWT / 25% 1C 0.99 0.95 0.95 0.93 0.23
| 50% ACWT /50% TC 0.98 0.96 0.96 0.95 0.98
[CONCAVE DECREASES TRAD NB NB-MOD | NB-NPV UICP
ACWT 12.28 14.72 14.04 15.05 13.03
TOTAL COST ,_231634.28 | 208435.28| 214789.73| 207017.16] 217823.08
AVG YRS RL B 13.88 5.38 6.87 4.98 8.00
MADM

25% ACWT / 75% TC 0.92 0.95 0.94 0.95] 0.95

75% ACWT / 25% TC 0.97 0.87 0.90 0.86] 0.94

50% ACWT /50% TC 0.95 0.91 0.92 091 0.95
Mode! Ranking by MADM Resuits

L1 1 2 3 4 | &5 1]

[STEP DECREASES

25% ACWT / 75% TC TRAD* NB* uiCcP* NB-MOD | NB-NPV

75% ACWT / 25% TC TRAD uicP NB-MOD NB NB-NPV

50% ACWT /50% TC TRAD UICP NB-MOD NB NB-NPV
CONVEX DECREASES

25% ACWT /75% TC NB* uicP* NB-NPV* [ NB-MOD TRAD

75% ACWT / 25% TC TRAD UICP NB NB-MOD | NB-NPV

50% ACWT /50% TC uicp* TRAD* NE NB-MOD | NB-NPV
CONCAVE DECREASES

25% ACWT / 75% TC NB-NPV* NB* LIiCP* NB-MOD TRAD

75% ACWT / 25% TC TRAD UIiCP NB-MOD NB NB-NPV

50% ACWT / 50% TC TRAD* uicp* NB-MOD NB NB-NPV

Note: * indicates models have same rank and are both ranked as 1.
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Declining Demand Analysis Results: HDLVHP
STEP DECREASES TRAD NB NB-MOD NB-NPV uicp
ACWT 0.90 0.91 0.90 0.93 0.90
TOTAL COST 130780.13 | 123760.33| 125759.57 | 123173.10| 127932.56 |
AVG YRS RL 13.88 5.38 6.76 4.97 8.00
MADM
| 26% ACWT /75% TC 0.96 0.99 0.98 0.99 0.97

75% ACWT / 25% TC 0.99 0.99 0.99 0.98 0.99

50% ACWT /50% TC 0.97 0.99 0.99 0.98 0.98
[CONVEX DECREASES TRAD NB NB-MOD NB-NPV UICP
ACWT 5.87 5.90 5.68 5.91 5.90
TOTAL COST 236865.30 | 229769.03 | 230653.34 | 229408.75| 232066.44
AVG YRS RL 13.88 5.53 7.13 511 8.00
MADM

25% ACWT / 75% TC 0.98 1.00 1.00 1.00 0.99

75% ACWT / 25% TC 0.99 1.00 1.00 0.99 0.99

50% ACWT /50% TC 0.98 1.00 1.00 1.00 0.99
CONCAVE DECREASES TRAD NB N3-MOD NB-NPV vice
ACWT 2.18 2.19 2.18 2.19 2.18
TOTAL COST 151099.09] 131884.03 [ 134241.43| 130891.24| 138017.24
AVG YRS RL 13.88 543 6.79 5.03 8.00
MADM
| 25% ACWT /75% TC 0.90 0.99 0.98 1.00 0.96

75% ACWT / 25% TC 0.97 0.99 0.99 1.00 0.99

50% ACWT /50% TC 0.93 0.99 0.99 1.00 0.97
Model Ranking by MADM Results

1| 2 3 4 5 |

STEP DECREASES

25% ACWT / 75% TC NB* NB-NPV* | NB-MOD uIiCP TRAD

75% ACWT / 25% TC NB-MOD* uice* NB* TRAD* NB-NPV

50% ATWT /80% TC NB* NB-MOD* | NB-NPV UICP TRAD
CONVEX DECREASES

25% ACWT / 75% TC NB-NPV* NB* NB-MOD* UICP TRAD

75% ACWT / 256% TC NB-MOD* NB* NB-NPV* uICP TRAD

50% ACWT /50% TC NB-MOD* NB* NB-NPV* uICP TRAD
CONCAVE DECREASES

25% ACWT / 75% TC NB-NPV NB NB-MOD uicp TRAD

75% ACWT / 25% TC NB-NPV NB NB-MOD uice TRAD

50% ACWT /50% TC NB-NPV ! NB NB-MOD uicpP TRAD

Note: * indicates models have same rank and are both ranked as 1.

87




Declining Demand Analysis Results: HDHVLP
STEP DECREASES TRAD NB NB-MOD NB-NPV uicp
ACWT 6.21 4.38 3.65 4.83 7.92
TOTAL COST 8097.71 7117.98 7079.50 7222.02 8469.34
AVG YRS RL 13.88 11.03 13.40 8.96 £.00
MADM

25% ACWT / 75% TC 0.80 0.95 1.00 0.92 0.74

75% ACWT /25% TC 0.66 0.87 1.00 0.81 0.55

50% ACWT /50% TC 0.73 0.91 1.00 0.87 0.65
CONVEX DECREASES TRAD NB NB-MOD NB-NPV UICP
ACW1 10.32 10.08 8.82 11.39 13.44
TOTAL COST 13226.76| 13230.84| 12577.99| 13778.04| 14835.81
AVG YRS RL 13.88 18.49 21.27 10.89 8.00
MADM

25% ACWT / 75% TC 0.93 0.93 1.00 0.88 0.80

75% ACWT / 25% TC 0.88 0.89 1.00 0.81 0.70

50% ACWT /50% TC 0.90 0.91 1.00 0.84 0.75
CONCAVE DECREASES TRAD NB NB-MOD NB-NPV uiCP
ACWT 7.41 5.42 4.60 6.87 8.57
TOTAL COST 8544.36 7751.21 7604.45 8126.42 8747.14
AVG YRS RL 13.88 12.44 14.89 9.62 8.00
MADM

25% ACWT / 75% TC 0.82 0.95 1.00 0.67 0.79

75% ACWT / 25% TC 0.69 0.88 1.00 0.74 0.62

50% ACWT /50% TC 0.76 0.91 1.00 0.80 0.70
Mode! Ranking by MADM Results

1 2 3 | a4 | s

[STEP DECREASES [

25% ACWT / 75% TC NB-MOD NB NB-NPV | TRAD uicpP

75% ACWT / 25% TC NB-MOD NB NB-NPV TRAD uIiCP

50% ACWT / 50% TC NB-MOD NB NB-NPV TRAD UICP
CONVEX DECREASES

25% ACWT / 75% TC NB-MOD NB TRAD NB-NPV uiCP

75% ACWT / 25% TC NB-MOD NB TRAD NB-NPV uviCP

50% ACWT / 50% TC NB-MOD NB TRAD NB-NPV uicpP
CONCAVE DECREASES

25% ACWT / 75% TC NB-MOD NB NB-NPV TRAD UICP

75% ACWT / 25% TC NB-MOD NB NB-NPV TRAD UIiCP

50% ACWT /50% TC NB-MOD NB NB-NPV TRAD uicP

Note: * indicates rnodels have same rank and are both ranked as 1.




Declining Demand Analysis Results: HDLVLP
STEP DECREASES TRAD NB NR-MOD NB-NPV uice |
ACWT 0.06 0.06 0.06 0.11 0.06
TOTAL COST 3374.65 3530.82 3626.95 3307.52 2965.10
AVG YRS RL 13.88 10.95 13.10 9.17 3.00
MADM

25% ACWT / 75% TC 0.91 0.88 0.86 0.81 1.00

75% ACWT / 25% TC 0.97 0.96 0.95 0.63 1.00

50% ACWT / 50% TC 0.94 0.92 0.91 0.72 1.00
CONVEX DECREASES TRAD NB NB-MOD NB-NPV uvicP
ACWT 0.47 0.46 0.46 0.46 0.48
TOTAL COST 5199.29 5602.32 5669.70 5206.96 5419.07
AVG YRS RL 13.88 23.78 26.62 12.50 8.00
MADM

25% ACWT / 75% TC 0.99 0.95 0.94 1.00 0.96 |

75% ACWT / 25% TC 0.98 0.98 0.98 1.00 0.9¢

50% ACWT / 50% TC 0.99 0.96 0.96 1.00 0.96
CONCAVE DECREASES TRAD NB NB-MOD NB-NPV uvICP
ACWT 0.13 0.13 0.13 1.06 0.13
TOTAL COST 337591 3810.11 3918.66 3676.27 3078.21
AVG YRS RL | 1388 12.95 15.16 10.10 8.00
MADM

25% ACWT / 75% TC 0.93 0.86 0.84 0.66 1.00

75% ACWT / 25% TC 0.98 0.95 0.95 0.30 1.00

50% ACWT / 50% TC 0.96 0.90 0.89 0.48 1.00
Model Ranking by MADM Results

1 2 [ 3 4 5 |

STEP DECREASES

25% ACWT / 75% TC uvicP TRAD NB NB-MOD NB-NPV

75% ACWT / 25% TC ulCP TRAD NB NB-MOD NB-NPV

50% ACWT /50% TC viCP TRAD NB NB-MOD NB-NPV
CONVEX DECREASES

25% ACWT / 75% TC NB-NPV TRAD UICP NB NR-MOD

75% ACWT / 25% TC NB-NPV TRAC NB NB-MOD uicpP

50% ACWT /50% TC NB-NPV TRAD NB NB-MOD uice
ICONCAVE DECREASES

25% ACWT / 75% TC uicP TRAD NB NB-MOD NB-NPV

75% ACWT / 25% TC uicpP TRAD NB NB-MOD NB-NPV

50% ACWT / 50% TC uvicp TRAD NB NB-MOD NB-NPV

Note: * indicates models have same rank and are both ranked as 1.
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Declining Demand Analysis Results: LDHP
STEP DECREASES THAD NB NB-MOD NB-NPV uicp
ACWT 3.56 5.45 4.21 5.82 4.94
TOTAL COST 2415456 | 23329.26| 23337.50| 23360.18| 23509.81
AVG YRE RL 13.88 6.21 715 5.76 8.00
MADM —
25% ACWT / 75% TC 0.97 0.91 0.96 0.90 0.92
| 75%ACWT/25% TC 0.99 0.74 0.88 0.71 0.79
50% ACWT / 50% TC 0.98 0.85 0.92 0.81 0.86
CONVEX DECREASES TRAD NB NB-MOD NB-NPV uicP
ACWT 12.54 13.92 13.31 14.21 13.79
TOTAL COST 35£82.07 . 34485.15] 34587.07| 34404.45| 34623.23
AVG YRS RL 13.8¢ | 5.80 6.54 5.39 8.00
MADM .
25% ACWT / 75% TC 0.98 0.97 0.98 0.97 0.97
75% ACWT / 25% TC 0.99 0.93 0.96 0.91 0.93
50% ACWT /50% TC 0.98 0.95 0.97 0.94 n.95
CONCAVE DECREASES TRAD NB |__NB-MOD NB-NPV uicp
ACWT 4.65 6.10! 5.44 6.38 5.76
TOTAL COST 25046.76 | 23241.85, 2340007 23180.42] 23542.96
AVG YRS RL 13.88 5.29 720 5.83 8.00
MADM
25% ACWT / 75% TC 0.94 0.94 0.96 0.93 0.94
75% ACWT / 25% TC 0.98 0.82 0.89 0.80 0.35
50% ACWT / 50% TC 0.96 0.88 0.92 0.86 0.90
Model Ranking by MADM Resuits
1 | 2 [ 3 [ a4 [ 5 |
STEP DECREASES ]
25% ACWT / 76% TC TRAD NB-MOD UICP NB NB-NPV
75% ACWT / 25% TC TRAD NB-MOD uicP NB NB-NPV
50% ACWT / 50% TC TRAD NB-MOD UICP N3 NB-NPV
CCNVEX DECREASES
25% ACWT / 76% TC NB-MOD* TRAD* NB UICP NB-NPV
75% ACWT / 25% TC TRAD NB-MOD uICP NB NB-NPV
50% ACWT /50% TC TRAD NB-MOD vICP NB NB-NPV
CONCAVE DECREASES |
25% ACWT / 75% TC NB-MOD TRAD uice NB NB-NPV
75% ACWT / 25% TC TRAD NB-MOD UICP NB NB-NPV |
50% ACWT /50% TC TRAD NB-MOD UICP NB NB-NPV

Note: * indicates models have same rank and are both ranked as 1.
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Declining Demand Analysis Results: LDLP
STEP DECREASES TRAD NB NB-MOD NB-NPV uICP
ACWT 2.43 1.51 1.51 1.51 3.33
TOTAL COST_ 1185.21 1079.81 1079.81 1074.83 1593.66
AVG YRS AL 13.88 57.08 61.15 24.30 8.00
MADM

25% ACWT / 75% TC 0.84 1.00 1.60 | 1.00 | 0.62

75% ACWT / 25% TC 0.69 1.00 1.00 1.00 0.51

50% ACWT / 50% TC 0.76 1.00 1.00 1.00 0.56
CONVEX DECREASES TRAD NB NB-MOD NB-NPV uicP
ACWT 2.49 1.88 1.88 1.88 3.15
TOTAL COST 1472.60 1456.72 1458.73 1447.05 1634.17
AVG YRS RL 13.88 4711 50.43 20.92 8.00
MADM

25% ACWT /75% TC 0.93 0.99 0.99 1.00 0.81

75% ACWT / 25% TC 0.81 1.00 1.00 1.00 057

50% ACWT / 50% TC 0.87 1.00 1.00 1.00 0.74
CONCAVE DECREASES TRAD NB NB-MOD NB-NPV uIiCP
ACWT 1.50 0.77 0.77 0.77 1.55
TOTAL COST 1054.90 “213.75 1013.75 997.99 1329.69
AVG YRS RL 13.88 62.30 66.42 24.80 8.00
MADM

25% ACWT / 75% TC 0.84 0.99 0.99 1.00 0.69

75% ACWT / 25% TC 0.62 1.00 1.00 1.00 0.56

50% ACWT / 50% TC 0.73 0.99 0.99 1.00 0.62
Model Ranking by MADM Results

1| 2 3 | 4 | 5 |

STEP DECREASES

25% ACWT / 75% TC NB* NB-MOD* [ NB-NPV* TRAD uice

75% ACWT / 25% TC NB* . NE-MOD* | NB-NPV* TRAD uice

50% ACWT / 50% TC NB* | NB-MOD* [ NB-NPV* TRAD uvICP
CONVEX DECREASES

25% ACWT / 75% TC HNR-NPV NB NB-MOD TRAD uicp

75% ACWT / 25% TC NB-NPV* NB* NB-MOD* TRAD uicP

-50% ACWT / 50% TC NB-NPV NB NB-MOD TRAD uice
CONCAVE DECREASES |

25% ACWT / 75% TC NB-NPV NB NB-MOD TRAD UICP
| _75% ACWT /26% TC NB-NPV* NB* NB-MOD* TRAD UicP

50% ACWT / 50% TC NB-NPV NB NE-MOD TRAD UICP

Note: * indicates models have same rank and are both ranked as 1.
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APPENDIX C. SENSATIVITY ANALYSIS RESULTS

Sensativity Analysis: HIGH DEMAND /CONVEX /STORAGE RATE

RATE =.01 {Default setting for DDA}

- TRAD NB NB-MOD| ___NB-NPV DICP

ACWT 24.01 25.77 25.60 2645 24.55

TOTAL COST 340545.12 | 334089.74| 338326.17 ] 939267.81] 340333.27

AVG YRS AL 13.88 5.42 7.08 5.02 8.00

MADM

[ 25% ACW1 / 75% TG 0.97 0.98 0.97 0.98 098
75% ACW] 7 25% 1C 0.99 0.95 0.95 0.93 0.98
50% ACWT / 50% 1C 0.98 0.96 0.96 0.95 0.98

RATE = .43

TRAD ] NB-MOD NB-NPV OIcP

ACWT 27.22 29.69 20.65 30.44 27.99

TOTAL COST. 357217.82 | 345953.47| 35053032 | 344754.85 353724.12

AVG YRS RL 9.81 4.96 654 4.62 800

MADM
25% ACWI / 75% 1C 0.97 0.98 087 097 098

“75% ACWT / 25% TC 0.99 0.94 = 0.92 0.99
50% ACWT / 50% T1C 0.98 0.96 0.95 098

RATE = .05

THRAD] NB] __NBMOD| _ NB-NPV] ___ UICP]

ACWT 20.27 3165 3010 33.14 20.18

TOTAL COST 363849.96 | 353272.39| 5855853 | 352736.24|__ 9642531

(AVG YRS RL 7.87 457 6.07 428] B0

MADM

[ 25% ACWT/ 75% 1C 0.98 0.98 0.98 0.97 098
75% ACWI / 25% TC 0.99 0.4 097 0.91 0.99
50% ACWT /50% 1C 0.98 0 098 0.54 098

RATE = .07

TRAD —_NB]_ NB-MOD NE-NFV UICP]

ACWT 2787 30.78 2846 _ 31.70 26.05

TOTAL COST 372007.48 | 362168.95| 16816880 | 361309.65| 375678.73 |

AJVG YRS AL 665 404 567 390 8.00

MADM

[ 25% ACWT | 75% TG 0.96 0.98 008 0.06 0.97
75% ACWT / 25% TC 0.95 0.58 093 0.87 0.99
50% ACWT / 50% T1C 0.96 0.92 695 0.81 0.98

Model Ranking by MADM Results

C v T 2 [ 3" T &4 T s 7]

Rate = 0.01 (Default setting for DDA} o
26% ACWT / 75% 1C NB* uicP* NE-NPY' | NB-MOD TRAD

[ 75% ACWT /25% 1C | TRAD UICP NE___| NB-MOD NB-NPV
50% ACWT / 50% TG JICP* TRAD* NB___ | NB-MOD NB-NFV

Rate = 0.03 ‘
5% ACWT / 5% 7C | UICP* NB° TRAD | NB-NPV_| NB-WOD |
75% ACWT /25% 1C | TRAD® _uIcP* NB [T NB-MOD NB-NPV

"50% ACWT / 50% TC UICF* | TRAD* NB NB-MOD NB-NPV

Rste = 0.08 _

[25%ACWT /75% 1C | _NB-MOD* | NB' TAAD® | UICF® | NB.NPV |
T5%ACWI /25% 1C | __UICP*__| _TRAD® NB-MOD NB NE-NPV__|
50% ACWT /50% 1C | UICP* TRAD* NB-MOD* NB NB-NFV

Rats = 0.07

[Z5% ACWT /75% 7C | UICP NB-MOD TRAD NB_ | NB-NPV |
75% ACWT / 25% TC UICP TRAD NB-MOD NB ‘NB-NPV_|
50% ACWI /50% 1C UICP_ “TRAD “NB-WOD NB  NB-NPV_|

Note: * indicates modsls have the same rank and are both ranked as 1.




Sensativity Analysis: HIGH DEMAND /CONVEX /ORDER COST RATE

RATE = 200
TRAD NB NB-MOD NB-NPY UICP
ACWT 24.01 26.35 2571 27.12 24.55
TOTAL COST 347751.21| 331980.19| 33642545 | 3IS1557.60] 33845071
AVG YRS AL 13.88 527 €9 4.88 8.00
MADM
25% ACWT / 75% TG 097 0.08 097 0.97 098
75% ACWT 7 25% 1C 0.99 0.93 0.95 0.91 0.98
50% ACWT / 50% 1C 0.98 0.95 096 0.94 0.98
RATE = 400
“TRAD NB NB-MOD NB-NPV UICP
ACWT 24.01 25.54 25.74 27.03 24.55
TOTAL COST 348303.18| 332426.02| 33706542 | 332190.22| 339029.96
AVG YRS RL 13.68 5.32 €97 4.92 8.00
MADM
[ 25% ACWT / 75% TC 097 0.98 097 097 058
75% ACWT / 25% 1C 0.99 0.94 095 0.92 0.98
50% ACWT / 50% 1C 0.98 0.96 0.96 0.04, 0.98
RATE =800 {Detault setting for DDA}
TRAD NB] _NB-MOD] __ NBNPV UICP |
ACWT 24.01 25.77 26.69 26.45 24.585
TOTAL COST 34954512 | 334089.74| 338326.17 | 333267.81] 34033327
AVG YRS RL 13.88 543 "~ 7.08 ] 5.02 8.00
MADM
[ 25% ACWT /75% 1C 097 098 0.97 0.98 0.98
75% ACWTY / 25% 1C 099 0.95 0.95 0.93 0.98
50%, ACWT / 50% TC 098 0.96 0.96 0.95 0.98
RATE = 1200
TRAD N8| NBMOD] NBNPY] ___ UICP
ACWT 24.01 25.89 2650 2633 24.58
TOTAL COST 350511.08| 33532215 33000821 |  994235.11]  341346.96
AVG YRS RL 1388 552 7171 509 8.00
MADM
25% ACWT 7 75% 1C 097 098 097 0.98 0.98
75% ACWT / 25% 1C 0.99 0.04 0.95 0.93 0.98
50% ACWT / 50% TC 0.98 0.96 0.96 0.96 0.98
Model Ranking by MADM Results
1 | 2 | 3 1 4 [ 5 |
Rate = 200
25% ACWT / 75% TC uicr* NB* NB-MOD NB-NPV TRAD
[ 75% ACWT / 25% TG THAD UcP NB-MOD | NB_ RB-NPY
50% ACWT / 50% 1G vice* TRAD. ' NB-MOD NB NB-NPV
Rate = 400 .
25% ACWT / 75% TG NB*_ UICP* NB-MOD NB-NPV TRAD
75% ACWT / 25% 1C TRAD UICP NB-MOD NB NE-NFV
50% ACWT / 50% TC UicP* TRAD" NB NB-MOD NE-NPV
Rate = 800 {Defauit selting for DDA
25% ACWT / 75% 1C NB* uicP” NB-NFV*_| NB-MOD_ | _TRAD
"75% ACWT /25% T1C | TRAD UICP NE NB-MOD | NB-NPV
50% ACWT / 50% TC UICP* TRAD" NB NB-MOD NB-NPV
Rate = 1200 _ . - —
25% ACWT / 756% TC “NB* UICP* NB-NPV' | NB-M TRAD
75% AGWY / 25% 10 TRAD UICP NB-MOD "N NB-NPV
50% AGWT / 50% 1C icP* TRAD" “NB NB-MOD NB-NPY

Note: * indicales models have the same rank and are both ranked as 1.




Sensativity Analysis: HIGH DEMAND /CONVEX /OBSOLESENCE RATE

RATE = .06
TRAD NB NB-MOD NB-NPV UICP
ACWT 14.97 18.46 1747 15.85 17.09
TOTAL COST 321842.45|  J12077.96|  314537.71 | 312285.90| 313143.04
AVG YRS AL 18.56 7.64 9.36 6.79 8.00
MADM R
25% ACWYT , “3% TC 0.98 0.95 0.96 0.54 0.96
[75% ACv_/25% TC 0.99 0.86 0.90 0.82 0.87
505, 7 WT /80% TC 0.99 0.90 0.93 0.88 0.91
RATE = .09
TRAD NB NB-MOD NB-NPV UiCP
ACWT 20.09 21.68 2226 2313 2151
TOTAL COST 335428 45| 323697.57] 32651397 | 329022.15| 32648669
AVG YRS AL 15.89 6.34 8.06 — 576 8.00
MADM
25% ACWT / 75% TC 0.97 0.98 0.97 0.57 0.98
75% ACW1 /25% TC 0.99 0.94 0.92 0.90 0.95
50% ACWT / 50% TC 098 0.96 0.95 093 0.96
RATE = .12 {Detauit setting used in DDA}
TRAD NB NB-MOD NB-NPY UICP]
ACWT 24.01 25.77 26.60 26.45 2455
TOTAL COST 349545121 334069.74 ] 33832617 |  333967.81| 34033327
AVG YRS RL 13.88 543 7.08 502 8.00
MADM
25% ACWT / 75% TC 097 0.98 057 048 0.98
75% ACWT / 25% 1C 0.99 0.95 095 0.93 098
50% ACWT / 50% TC 0.98 0.96 0.96 0.95 0.98
RATE = .15
TRAD NB NB-MOD NB-NPV] OICP
ACWT 20.05 3072 29.68 3141 2052
TOTAL COST, 36749439 | 349330.60] 35444286 348535.63| 35908721
AVG YRS RL 12.30 4.76 6.30 444 8.00
MADM
25% ACWT / 75% 1C 0.96 0.98 0.57 097 097
765% ACWT / 25% TC 0.99 0.93 0.95 092 0.98
50% ACWT / 50% 1C 0.97 0.96 0.96 0.95 0.98
Model Ranking by MADM Results
(1 [ 2 1 a3 | & | s |
Rate = 0.08
25% ACWT / 75% TC TRAD NB-NOD ACP NB NB-NPV
75% ACWT [ 25% TC TRAD NB-MCD DICP NB NB-NPV
50% ACWT / 50% TC TRAD NB-MOD NCP NB NB-NPV
Rate = 0.09 —
25% ACWT / 75% TC NB* UicP* TRAD NB-MOD | NB-HNPV
75% ACWT / 25% TC TRAD UIiCP NB NB-MOD NB-NPV
50% ACWT / 50% 1C TRA NB UICP NB-MOD | NB-NPV
Rate = 0.12 {Defauit setting used in DDA)
25% ACWT 7 75% TC NB* OICP* NB-NPV* NB-MOD TRAD
75% ACWT / 25% 1C TRAD UICP NB NB-MOD NB-NPV
50% ACWT / 50% TC WCP* TRAD* NB NEMOD | NB-NPV
Rate = 0.15 e
25% ACWT / 75% TG NB* UicP* NB-MOD* NE-NPV TRAD
75% ACWI /25%TC | TRAD UICP NB-MOD _ NB NB-NPV
50% ACWT / 50% 1C UICP THAD NB-MOD NB NB-NPV

Note: * indicatos models have the same rank and are both ranked as 1.




Sensativity Analysis. HIGH DEMAND/ CONVEX/ SALVAGE RAE

RATE = .01
TRAD N8 NB-MOD NB-NPV UICP
ACWT 23.92 25.68 2563 2t -7 2455
TOTAL COST 34958704 | 33301367] 33728525| 33226 3| 33928104
AVG YRS AL 4 68 548 713 LT 8.00
MADM
25% ACWT / 75% TC 0.96 0.58 097 0.98 098
75% ACWT / 25% 1C 099 0.95 095 0.93 998
50% ACWT / 50% TC 0.98 0.9G 0.96 0.95 098
RATE =.02 {Detauh setting for DDA}
TRAD NB]  NB-MOUD NB-NPV WCP
ACWT 24.01 25.771 25.69 26.45 24.55
TOTAL COST 349545.12] 33408974 33832617 | 394267.81] 34033327
AVG YRS RL 13.88 543 7.08 5.02 8.00
MADM
| 25% ACWT | 75% TC 097 098 097 0.98 098
75% ACWT / 25% TC 0.99 095 095 0.93 098
50% ACWT / 50% TG 0.98 0.96 0.96 0.95 088
RATE = .05
TRAD NB] __ NB-MOD NE-NPV UICP |
ACWT 24.56 26.11 25.39 26.80 24.55
TOTAL COST 350113421  397078.16] 341118.12| 336456.03] 34348997
AVG YRS AL 12.05 528 693 4.84 8.00
MADM
25% ACWT /75% 1C 0.97 0.98 098 0.98 0.98
75% ACWT / 25% 1C 0.99 0.95 0.97 093 0.99
E0% ACWT / 50% 1C 0.98 0.97 0.97 0.95 0.99
RATE = .15
TRAD NB NB-MOD NE-NPV uICP
ACWT 24,47 2728 26.05 28.68 2455
TOTAL COST 35482577 34816607 35122886 | 348567.61] 35401231
AVG YRS RL 849 4.79 6.43 428 8.00
MADM
25% ACWT / 75% 1C 0.99 0.97 0.98 0.6 099
T5% ACWT /1 25% TC 1.00 0.92 0.95 0.89 099
50% ACWT / 50% TC 0.99 0.95 0.96 0.92 0.99
Mocal Ranking by MADM Resuls
[ ]| 2 | 3 | &« J 5 1]
Rate = 0.01
25% ACWT / 75% 1C NB* UICP* NB-NPV* NB-MOD TRAD
75% ACWT /25% TC TRAD UICP NB NB-MOD NB-NPV
50% ACWT / 50% TC uicP* TRAD" NB NB-MOD NB-NPV
Rate = 0.02 _(Defauit setting for DDA}
25% ACWT / 75% 1C NB* UICP* NE-NPV* NB-MOD TRAD
75% ACWT | 25% 1C TRAD UICP NB NB-MOD NB-NPV
50% ACWT / 50% TC UCcP* TRAD® N8 NB-MOD NB-NPV
Rate = 0.08
25% ACWT / 75% TC P _NE* NB-MOD* NEB-NPV* TRAD
75% ACWT / 25% 1C TRAD® uice* NB-MOD NB NB-NFV
50% ACWT /50% TC CP TRAD NE-MOD NB NB-NFV
Rate = 0.15
25% ACWT / 75% TC ACP* TRAD" NE-MOD NB NB-NPV
75% ACWT / 25% 1C TRAD UICP NB-MOD NB NB-NPV
50% ACWT / 50% TC TRAD* UICP* NB-MOD NB NB-NFV

Nota: * indicales modeis have the same rank and are both mnked as 1.




Senrativity Ananlysis: MIGH DEMAND/ CONCAVE/ STORAGE RATE

RATE = .01 {Detautt sefting fc DDA]
TRAD] NB NB-MOD NB-NPV UICP
ACWT 12.26 1472 14.04 15.05 13.03
TOTAL COST 231634 28] 20843528 | 213789.73| 20701716 217823.08
AVG YRS AL_ 13.88 538 — 687 498 8.00 |
MADM
25% ACWT / 75% 1C 0.92 0.95 —ues] 0.95 0.85
75% ACWT /26% 1C 0.57 0.87 0.90 0.86 0.94
50% ACWT /50% TC 095 0.91 0.92 091 0.95
RATE = .03
TRAD NB NE-MGD NB-NPV vicP
ACWT 13.42 16.44 15.47 16.96 14.25
TOTAL COST 235398.66| 21692350 207797.49| 214975.06| 230106.07
[AVG YRS AL 9.81 492 6.34 458 8.00
MADM
25% ACWI / 75% 1C 0.93 0.85 0.94 0.95 0.94
75% ACWT /25% 1C 0.98 0.86 0.89 0.84 0.94
50% ACWT 760% 1C 0.96 0.90 0.92 0.90 0.94
AATE » .05
TRAD NB]__ NB-MOD NB-NPV uicP
ACWT 16.71 19.28 17.88 19.77 16.47
TOTAL COST 24139760 22444392 231525.01| 222062.72| 241893.88
AVG YRS AL 7.87 4.53 5.80 4.24 8.00
MADM
25% ACWT / 75%. 1C 0.04 0.96 0.95 0.96 0.94
75% ACWI / 25% 1C 0.97 0.89 0.93 0.87 0.98
50% ACWT /50% TC 0.95 0.92 0.94 0.92 0.96
RATE = .07
TRAD NE]| _NBMOD] __ NB-NPV DIcP
ACWT 17.58 1880 17.60 19.58 —_18.10
TOTAL COST 24938511 | D233548.76| 24108502 | 231922.05| 2552964
AJG YRS AL 6.65 — 420 549 355 8.00
MAD:.. .
25% ACWT / 75% 1C 0.91 0.95 0.94 0.94 0.93
75% ACWY / 25% TC 0.88 0.85 0.89 0.83 098]
50% ACWT / 50% 1C 0.90 0.90 0.01 0.80 0,95
Mode! Ranking by MADM Results
[ [ 2 ] 3 [ e [ 5 |

Rate = 0.01 {Default setting for DDA
[ 25% ACWT / 75% 1C ."N!!L—V—-NP "] NB' | UICPT | NBWOD TRAD |
[75% ACWT /25%TC | _ TRAD | UICP | NB-MOD | NB | NB-NPV
50% ACWT 7 50% TC UicP* NB-MOD NB NB-NPV
Rate = 0.03 _
25% ACWT / 76% 1C | NB-NPV* NB* NB-W0D UIcF__| A
[ 75% ACWT / 25% 1C A —UICP NB-MOD NB__ NB-NP
50% ACWI /50% 1C |  TRAD UICP___| _NB-MOD NB B-NPV
Rate = 0.05
5% ACWT /75% TC | NB* NB-NPV* ND T UICP__|___TRAD
[ 75% ACWT [ 25% 1C UICP TRAD NB-MOD NB_ NB-N
50% ACWT / 50% TG UICP | TRAD NB-MOD NB NB-NPV
Rste = 0.07 .
28% ACWT / 75% TC NB NB-NPV NB-MOD UICP TRAD
[ 75% ACWT /25% 1C | UIiCP NB-MOD TRAD | _NB NB-NPV
50% ACWT / 50% TC UICP NB-MOD NE_ TRAD NB-NPV

Note: " indicates models have the same rank and are both ranked as 1.




Sensativity Analysis: HIGH DEMAND/ CONCAVE/ ORDER COST RATE

RATE =200
TRAD NB] ___NB-MOD NB-NPV uicP
ACWT 12.28 1555 14.98 16,04 73.09
TOTAL COST 230883.87| 20736624 21262675 20606949 216922.74 |
AVG YRS RL 13.88 527 6.76 4.89 —8.00
ADM
5% ACWI /75% (C 0.92 054 0.93 0.94 0.95
75% ACWT /25% 1C | 097 0.84 0.86 D82 1194
50% ACWT /50% 1C 0.95 0.89 0.89 0.88 098
RATE = 400
TRAD NB] __NB-MOD| __NB-NPV] __ __UICP
ACWT 12.28 14980 1485 1502 13.03
TOTAL COST 231114.77| 20760254 | 21323583| 20683250] 217199.76
AVG YRS AL 13.88 531 6.80 492 8,00
[MADM
25% ACWT /75% 1C 092] 085 093 0.04 095
75% ACWT /25% 1C 0.97 087 0.86 0.8 0.94
50% ACWT /50% 1C 0.95 091 0.90 0.89 0.95
RATE = 800 {Default setting for DDA}
TRAD NB] NB-MOD NB-NPV UicP |
ACWT 12.28 1472 _14.04 — 1505 13.03]
TOTAL COST 231634.28|  20843528| 213789.73| 207017.16] 21782308
AVG YRS RL 3.88 538 6.87 498 8.00
MADM
[ 35% ACWT /76% 1C 0.92 095 0.94 0.98 095
75% ACWT /25% TC 0.87 087 0.90 0.86 094
50% ACWT /50% TC 0.95 091 0.92 0.91 095
RATE = 1200
[ TRAD NB]__ NB-MOD] _ NBNPV]  UICP]
ACWT 1228 1824 13.09 14.91 13.03 ]
TOTAL COST 23203835 20018458 | 214424.41| 207686.06| 21830787
AVG YRS AL 13.68 544 €93 5.03 8.00
MADM_
[25% ACWT / 75% 1C 092 095 0.95 096 095 |
[ 75% ACWT / 25% 1C 97 0.85 0.91 087 0.94
50% ACWT /50% 1C 95 090 093 091 0.9%
Mode! Ranking by MADM Results
C i T 2 T 3 T & T 5 ]
Rate = 200 __ —
[25% ACWT /75% 1C | UICP NB NB-NPV_ | NB-MOD TRAD
75% ACWT /26% TC | TRAD UicP NB-MOD NB NB-NPV
50% ACWT /50% 1C | THAD* UICP* N NE_ i8-NPV
Rate x 400 _
["25% ACWT / 75% 1C. NB* UICP* NB-NPV_ | NB-MOD TRAD
75% [ /285 TC | __TRAD “UICcP? NB —NB-MOD NB-NPV
50% ACWT /50% T¢ | _ TRAD" Dics* NB N NBNPV_
Rate = 800 {Default setting for DDA) _
[ 25% ACWT /75%1C | N %W' NB* uicp* NB-NOD TRAD
[ 75% ACWT /25% TC | TRAD UICH_ NB-MOD NB NB-N
[ 50% ACWT /50% 1C | _TRAD* vicP” NB-MOD NB NB-N
Rate = 1200
25% TT8% TC | NB-NPV® | UICP" NB-MOD" NB___ | TRAD _
75% ACWT /28% 1C | _ TRAD _ UicP NB-MOD | NB-NPV NB__ |
50% ACWT /50% TC | TRAD* UICF* | NB-MOD | NB-NPV NB

Note: * indicates madels have the same rank and are both ranked as 1.




Sens.tivity Analysis: HIGH DEMAND/ CONCAVE/ OBSOLESENCE RATE

RATE = .06
TRAD NB NB-MOD NB-NPV UICP)
ACWT 7.31 10.43 9.87 1197 10.48
TOTAL COST 19843488 183703.71] 186146.1 182850.17| 18476054
AVG YRS RL 18.56 757 912 6.75 8.00
MADM
25% ACWT /75% TC 0.94 0.92 0.92 0.90 0.91
75% ACWT /25% TC 0.98 077 0.80 0.7 0.77
50% ACWT /50% 1C 0.96 0.85 0.86 08 0.84
RATE = .09
TRAD NB NB-MOD NB-NFV UICP]
ACWT 10.01 12.71 12.70 13.78 12.01
TOTAL COST 214393.52| 196187.70| 199550.80 |  194470.71|  200781.78
AVG YRS AL 15.89 §29 7.84 573 8.00
MADM
25% ACWT / 75% TC 0.93 094 0.93 0.93 0.93
75% ACWT /25% TC 0.98 0.84 0.83 0.79 0.87
50% ACWT /50% 1C 0.95 0.89 0.88 0.86 0.90
RATE = .12 {Default setting for DDA}
TRED NB] __NB —NB-NPV uicP
ACWT 1226 14.72 14.04 15.05 13.03
TOTAL COST 23163428 20843528] 213780.73| 207017.16| 21782308
AVG YRS RL 13.88 5.38 6.87 498 8.00
MADM
| 25% ACWI /1 75% TC 0.92 0.98 0.94 095 0,95
75% ACWT /25% 1C 0.97 0.87 .90 0.86 054
E0% ACWY /50% 1C 0.95 0.91 0.92 091 0.95
RATE = .15
TRAD B] __ NB-MOD NE-NPY UICP)
ACWT 1821 17.83 17.20 1826 16.29 |
[TOTAL COST 248700.14 | 220141.05| 227080.61| Z18810.54| 235916.93
12.30 4.71 8.1 441 .00
08 0.58 94 0.98 093]
0.97 0.69 90 31 0.93
0.94 0.92 92 0.92 0.93
Mode! Ranking by MADM Results !
1 [ 2 T 3 | a4 T s |
Rate = 0.06 _
25% ACWT /75% 1C | TRAD NB-MGOD NB WCEP NB-N
[ 75% ACWT /25% TC | TRAD NB-MOD NB [<1d NB-NPV
50% ACWY /50% 1C | ___TRAD NB-MOD NB ThCP NB-NFV
Rate x 0.09 _
25% ACWT / 75% TG NB uicP NB-NPV_| TRAD | NB
75% ACWT 1 26% TC | TRAD UICP —NB NB-MOD | N
50% ACWT /50% 1C | TRAD_ UICP NB__ | NB-MOD | N
Rate = 0.12 {Defaull setiing for DDA}
25% ACWT / 75% 1C | NB-NPV* NB* UICP* _ | NBMOD |
75%ACWT /25% TC | TRAD | UICP___| NBMOD | N8 [”_NB-NPV
[(50% ACWT /50% 1C | TRAD® |  UICP® | — N8B | NB-NBV
Rate = 0.15 .
[25% ACWT / 75% TC | NB-NPV* NB* NE-MOD UICP TRA
75% ACWT / 25% 1C AAD UICP __| NBMOD | N8 NB-NPV
50% ACWT / 50% 1C AD UHCP NBMOD | N8B | NB-NPV |

Note: * indicates modeis have the same rank and are both ankad as 1.




Sensativity Analysis: HIGH DEMAND/ CONCAVE/ SALVAGE RATE

RATE = .01
TRAD NB NB-MOD| __ NB-NPV UICP

ACWT 12.22 1465 14.03 14.98 13.03

TOTAL COST 232609.91 207664.4¢ 213227.69 206361.401 217132.09

AVG YRS RL 14.68 5.4 6.92 5.04 8.00

MADM
25% ACWT /75% TC 0.92 0.95 0.94 0.95 0.95
75% ACWT / 25% TC 0.87 087 D.90 0.86 0.94
50% ACWT /50% TC 0.94 091 0.92 D.81 0.94

RATE =.02 {Default setting for DDA}

TRAD NB NE-MOD NB-NPV UIcP)

ACWT 12.28 14.72 14.04 15.05 13.08

TOTAL COST 231634.28] 20843528 213780.73] 207017.16] _ 217823.08

IAVG YRS RL 13.88 5.38 6.87 4.98 8.00

[MADM
25% ACWT /75% TC 0.92 0.95 0.4 0.95 0.95

[ 75% ACWY /25% 1C | 0.97 0.87 0.90 0.86 094
50% ACWT /50% TC 0.95 081 092 081 0.9%

RATE = .08

TRAAD NB]| __ NB-MOD NB-NPV UICP)

ACWY 12.66 14.98 14.42 1534 13.03

TOTAL COST 22085407 21058655 21566468, 200910.88| 219896.04

AVG YRS RL 12.05 523 6.72 4.81 8.00

MADM
25% ACWT /75% 1C 093 0.96 098 0.96 0.96
75% ACWT /25% TC 0.98 0.88 D90 087 0.97
50% ACWT /50% TC 0.96 092 0.92 0.91 0.96

RATE =.15

TRAD NB]_ NB-MOD NB-NPV UICP

ACWT 13.13 547 1440 17.54 13.03

TOTAL COS 2793827 21771602 221089.16| 216819.03| 22680593

AVG YRS ERL 8.49 4.73 22 425 8.00

MADM
25% ACWT / 75% TC 0.9¢ 0.08 0.9¢€ 0.94 0.97

| 75% ACWT /25% TC 0.0¢ 0.88 0.92 021 0.9
50% ACWT /50% TC 0.9 092 0.94 0.87 0.98

Modal Ranking by MADM Regults

3 [ 2 | 3 | 4 | s ]

Rate = 0.01
25% ACWT /76% 1C | NB-NPV* NB* UIEP? NB-MOD TRAD
75% ACWT /25% 1C | TRAD UICP NB-MOD | NB NB-NPV
50% ACWT /50% 1C | _ UICP* TRAD* NB-MOD NB NB-HFV

Rate = 0.02 (Default setting for DDA} — )

[25% ACWT /75% 1C Nﬁ_W' y UICP” NB-MOD TRAD
75% ACWT /25% TC_| _ TRAD UICP NB-MOD NB NB-NPV

[50% ACWT /50% TC | TRAD"® UICch* NB-WOD NB | NEBNPFV_

Rate = 0.05 -

[25% ACWT /78%1C | UICP" NB* NB-NPV' | NBMCD | TRAD |
78% ACWT /25% TC | _ TRAD THEP NB-MOD NA NB-NPV
5% ACWT /80% TC | _ LICP* TRAD* NE-NOD_ N NB-NPV

Rate = 0.15
25% [775% 1¢ UICP TRAD NE-Mob N NB-N
75% ACWT /25% 1C Uich TRAD “NB-MOD NB -N
50% ACWT /50% 1C UICP TRAD i8-MOD NB NB-NPV

Note; * indicates models have the same rank and are both ranked as 1.




Sensalivity Analysis: LOW DEMAND /CONVEX /STORAGE RATE

RATE =.01 {Default setting for DDA}

TRAD NB|  NB-MOD| __ NB-NPV] _ UICP]
ACWT 1284 13,02 1331 14.21 1379
TOTAL COST 35582.07 34485.15 34587.07 34404.45 34623.23
AVG YRS RL 13.88 5.80 6.54 5.39 8.00
MADM
25% ACWT / 75% TC 098 0.97 0.98 0.97 097
75% ACWT / 25% TC 0.99 0.93 0.96 0.91 093
50% ACWT /50% 1C 098 .95 057 0.94 095
RATE = .03
TRAD NB]___NB-MOD NB-NFV UICP
ACWT 13.96 15.65 14.16 16.27 1463
TOTAL COST 36206.12 | __ 35590.08|  33659.28|  35868.61] 3589661
[AVG YRS RL_ 981 532 6.02 4.99 8,00
MADM
25% ACWT / 75% TC 0.99 0.96 0.98 0.95 097
| 75% ACWT /26% TC 1.00 0.89 096 0.87 093
50% ACWT / 50% TC 0.99 0.93 097 0.91 0.95]
RATE = .05
TRAD NB[__NB-MOD] _ NB-NFV]  UICP]
ACWT 18.36 18.07 1643 18.78 15.34
TOTAL COST 3695867|  36470.11]  36622.29|  36497.76] 3699070
AVG YRS RL — 787 4.93 558 465 8.00
MADM .
25% ACWT /75% TC 0.99 0.96 098 095 009 |
75% E_Wi 125% 1C 190 0.89 0.95 0.86 1.00
50% ACWT / 50% TC 099 0.92 096 0.91 0.99
RATE = .07
TRAD NB] NB-MOD NE-NPV uicP
ACWT 17.24 19.05 18.53 19.62 16.46
TOTAL COST 3760600  3741226]  3758275| 3799086  38098.83
[AVG YRS RL _ €85 4.59 520 4.36 8.00
M
| 28% ACWY /76% TC 598 057 0. D96 089
75% ACWT / 28% TC 0.96 0.90 D91 0.88 1.00
50% ACWT / 50% TC 007 093 0.94 0.92 0.99

Modél Ranking by MADM Resuls

1 ] 2 1| 3 [ & 1T 5 1]

Rate = 0.01 (Default setting for DDA}
[(25% ACWT / 75% T | NB-MOD TRAD NB_ uICP NB-NPV
75% ACW1 /25% TC | __ TRA NB-MOD UICP NB NB-N
[ 50°% ACWT /50% 1C | TRAD N UICP NB NS-NFV
Rate = 0.03
[25% ACWT /75% 1C | TRAD | NB-MOD UICP NB NB-MPV
[75% ACWT /25% 1C | __ TRAD NB-MOD UiCP NB NB-NFV
50% ACWT /50% 1C Al [ NB-MOD UICP “NB NB-N
Rate = 0.08 _ _

25% ACWT / 75% 1C AD* UICP* NB-MOD NE NB-NPV
75% ACWT /25% TC | UICP" TRAD"® N [T NB_ | NBNFV
[50% ACWT /50% 1C | UICP* " | NB-MOD [ NB NB-NFV
Rate_w 0.07

[25% ACWT /75% 1C | UICP A NB-MOD NB_ NB-NPV
75% ACWT / 25% 1C UTC D “NB-MOD NE NB-NFY
50% ACWT /850% IC UICP h NE-NMOD _ NB NB-N

Note: ° indicates modsis have the same rank and are both ranked as 1.




Sensativity Analysis: LOW DEMAND /CONVEX /ORDER COST

) RATE = 200
TRAD NB| __ NB-MOD NB-NPV UICP)
ACWT 12.54 14.10 13.72 14.37 13.79
"TOTAL COST 34904.16 33647.57 33901.15 33701.20 33914.69
1AVG YRS RL 13.88 5.36 6.11, 5.03 8.00
MADM
25% ACWT /75% TC 097 097 097 097 097
1 75% ACWT /25% TC 0.99 0.92 0.93 0.90 0.93
50% ACWT /50% TC 0.98 0.94 0,95 0.94 0.95
RATE = 400
TRAD NB] __NB-MOD NB-NPV UICP]
ACWT 12.54 14.12 13.24 14.30 13.79
TOTAL COST 35112.74 33868.70 34091.89 33908.62 34132.71
o AVG YRS AL 13.88 550 6.24 5.14 8.00
MADM
25% ACWT /75% TC 0.97 0.97 0.98 097 097
. 75% ACWT / 25% TC 0.99 092 0.96 0.91 093
50% ACWT /50% 1C 0.98 0.94 0.87 0.94 0.95
RATE = 800 {Default setting for DDA}
TRAD NB] __NB-MOD NB-NFV UICP
ACWT 12.54 13.92 13.3 1421 13.79
TOTAL COST 35582.07| 34485.15|  34587.07 R4404.45] ~ 3482323
AVG YRS RL 13.88 &80 6.54 539 8.00
MADM___—
| 25% ACWT /75% TC 0.98 097 0.98 087 0.97
75% ACWT /25% 1C 0.99 0.3 0.86 091 0.93
50% ACWT /50% TC 0.98 0.9° 97 0.94 0.95
’ . RATE = 1200
TRAD 1] NB-MO NB-NPV UICP
[ACWT 12.54 13.75 13,18 14.00 3.79
(e) TAL COST 35647.10 34047 52 35084.20 34823.45 35004.78
AVG YRS RL 13.88 | 8.03 6.77 558 8.00
MADM
| 26% ACWT /76% 1C 0.58 0.68 0.98 0.97 0.97
75% ACWT /1 25% 1C 0.99 0.83 0.96 092 0.93
50% ACWT /50% 1C 0.98 C.9F 0.97 0.98 0.95
Modet Ranking by MADM Results
1 2 | 8 [ 4 L 5 1
Rate = 200 o
[25% ACWT /75% TC | TRAD* NB-MODF | NB* UIcp* NB-NPV*
75% ACWT /25% TC | __TRAD NB-MOD | UICF__| _ NB NB-NPV
E0% ACWT /80% 1C AD NB-MOB | UIicP NB _NB-NPV
Rate = 400 - -
25% ACWT /75% TC | NB-M [ TRAD B UICP NB-NPV
Y 75% ACWT /25% 1C | TRAD | NB-MOD UICP _NB NB-NFV |
' 50% ACWT /80% 1C | TRAD | NB-MOD UICP “NB NB-NFV_ |
e Rete = 800 (Detault setting for DDA}
[ 25% ACWT / 76% TG | NB-MOD* TRAD? NB UICP NB-NPV
75% ACWT /25% 1C | TRAD | NBMOD_ uicP NB B
50% ACWT /50% IC | TRAD | NB-MOD_ UICP NB_ NB-N
Rale = 1200 )
[28% [ 775% TC | NB-MOD* TRAD' | NPB* NB-NPV_ UIEP
75% ACWT /25% T A NB-N.0D NB UICP NB-N
50% ACWT /50% TRAD NEMOD | N8 UICP ]

Note: * indicales modeis have the sama rank and are both ranked as 1.
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Sensativity Analysis. LOW DEMAND /CONVEX /OBSOLESENCE RATE

RATE = .06
TRAD NB NB-MOD] — NB-NPV
ACWT 7.32 8.29 8.10 8.77
TOTAL GOST 32578 4; 3194298 | 3200491 _ 31834.59
AVG YRS AL 18.5¢ 8.00 8.85 7.13
MADM
25% ACWT /75% 1C 0.98 097 0.97 0.96
"75% ACWT /25% TC 0.99 0.91 093 0.88
"E0% ACWT /50% TC 0.99 0.94 0.95 0.92
RATE =.09
TRAD NB] __N8-MOD NE-NPV Uic-
ACWT 9.64 11.29 1048 11.64 10 74
TOTAL COST 3402766 8317234 | _ 83374.83] _ 33099.09| 33165 38,
AVG YRS AL 15.89 6.71 75 6.3 3.9
MADM
25% ACWI / 75% 1C 0.98 096 0.97 0.96 0.97
75% ACWT /25% TC 0.99 0.89 0.94 0.87 0.92
[ 50% ACWT /50% TC 0.00 093 0.96 0.91 0.94
RATE=.12 {Defauk setting for DDA}
TRAD NB] __ NB-MOD NB-NPV UicP
ACWT 12.54 1392 13.31 1421 1379
TOTAL COST JEE8207]  S4485.15|  34587.07|  34404.45| 3462323
AVG YRS RL 13.88 580 6.54 538 8.00
MADM
"25% ACWI /75% TG 0.98 097 0.58 097 0.87
75% ACWT /25% TC 0.60 093 0.56 0.91 0.93
50% ACWT /80% TC 0.08 0.05 0.97 0.04 0.95
RATE =.15
TRAD NB] — NB-MOD NB-NPY UIiCP]
ACWT 14.00 1596 1527 1892 15.05
TOTAL COST 37325.24| 9008281 7823535|  J6082471  36507.90
AVG YRS RL 12.30 512 — 579 482 8.00
MADM
25% ACWT /75% 1C 0.97 097 0.98 086 097
[75% ACWT 725% 1C D90 091 0.94 08 095
50% ACWT 750% TC 0.98 0.94 0.96 0.92 0.96
Modal Ranking by MADM Results
1 [ 2 [ 3 [ 4 [ 5 ]
Rale & 0.06 o
[26% ACWT /75% TG | TRAD NEB-MOD | _ NB UICP NB-NPV
75% ACWT /25% TC | _TRAD _ | NB-MOD NB VICP NB-NFV
50% ACWT /50% TC | __TRAD NB NB VICP_ NFY
Rate = 0.09 B
25% ACWT /75% 1C | __TRAD NB-MOD UICP_ NB __ NE-NFV_]
[ 75% ACWT /25% TC | TRAD NB-MOD DICP NB NB-NPV
50% ACWI /50% 1C | THAD NB-MOD UICP NB NB-NPY
Rate = 012 _ _
25% ACWT / 75% TC | _NB-MOD"* TRAD* NB_ UICP_ NB-NPV
75% ACWT /25% 1C AD N UICP_ N N
E0% ACWT/E0% 1C | _TRAD | NB-MOD_ ICP iB B-NFV_ |
Rate = 0.15 —_—
25% ACWT / 76% 1C | __NB-MOD UICP NB N
[75% ACWT /25% YC | TRAD | __ UICP NB-MOD | _NB _
[50% ACWT /50% TC | TRAD_ UIC [ NB-MOD | NB NB-N

Note: * indicates modeis have the same rank and are both ranked as 1.




Sensativity Analysis: LOW DEMAND /CONVEX /SALVAGE RATE

RATE = .01
TRAD NB NBE-MOD NB-NPV UIiCP
ACWT 12.48 13.86 13.31 14.19 13.79
TOTAL COST 35617.78 34300.86 34486.51 34268.30 34514.30
[AVG YRS AL 14.68 584 .59 5.45 8.00
MADM
25% ACWT /75% TC 0.97 097 0.98 0.97 0.97
[ 75% ACWT / 25% TC 0.99 092 0.95 0.91 093
50% ACWT /50% TC 0.98 095 0.87 0.94 0.95
RATE = .02 {Defauit setting for DDA}
TRAD NE NB-MQD NB-NPV UICP]
ACWT 12.54 1392 13.31 14.21 13.79
TOTAL COST 3558207 | _ 3446515 34587.07| 3440445 3462323
AVG YRS RL 1388 E80 6.54 5.39 8.00
[MADM_ — —
| 25% ACWT /75% T1C 0.98 097 0.98 0.87 0.97
| 75% ACWT /25% TC 0.99 0.93 0.96 0.81 0.93
50% ACWT 7 50% 1C 0.98 0.95 0.97 0.94 0.95
RATE = .08
TRAD NBE]  NBWOD|_ NB-NFV] ____ UICP]
ACWT 12.66 14.06 13.14 14.28 13.79
TOTAL COST 3562631 3477979 2492890[ 3470740 3495003
AVG YRS RL 12.05 566 6.40 523 8.00
MADM - ]
[ 25% ACWI / 75% TC 0.98 087 099 0.97 0.97
75% ACWT /25% TC 0.98 092 097 0.91 0.54
50% ACWT /50% TC 0.9 095 098 0.04 0.96
RATE z .18
TRAD NB]  NB-MOD NE-NPY UICP]
ACWT 13.68 1428 13.45 15.38 13.79
[TOTAL COST 36082,08| 3080273  35004.66| 3614896 |  36059.37)
[AVG YRS AL 8.49 520 5.04 4.70 8.00
MADM
| 25% ACWT / 75% 1C 0.99 099 .00 0.86 0.99
75% ACWT /25% 1C 099 D98 00 0.90 0.08|
50% ACWT /50% 1C 0.99 0.9 .00 0.93 0.99
Model Ranking by MADM Results
L1 | 2 | 8 | s | 8 ]
Rete = 0.01 _
25% ACW] / 75% TC | NB-MOD* NB* TRAD® UICP* B-N
75% ACW] /25% 1C | TRAD NB-M uICcP NE NB-N
50% ACWT /50% TC | TRAD NB-MOD uicP NE_ NB-NPV
Rate = 0.02 . _
25% ACWI1 / 75% 1C | NB-MOD* | TRAD" NB UicP NB-NPY
[75% ACWT /25% 1C | TRAD NB-MOD | UICP NB NB-NPV
50% ACWT 7 50% TC RAD NB-MOD | UICP NB NB-NFV
Rate = 0.05 _ - _
25% ACWT /75% 1C | NB-MOD AD UICP NB NB-NPV |
, [ 75% ACWT /25% TC | TRAD N ] NS NB-NPV__|
‘ 50% ACWT /50% TC | TRAD NB-MOD UICP NB NB-NPV
Rate = 0.18 , _ .
25% ACW] / 75% TC | NB-MOD_ TRAD | UICP NB NB-NPV
[75% ACWT /25% TC | NB-MOD | TRAD | UICP NB NB-NFV__|
[ B0% ACWT /50%1C | NB-MOD | _TRAD | UIGP NB NB-NFV

Note: * indicates modeis have the same rank and are both ranked as 1.
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Sensativity Analysis: LOW DEMAND/ CONCAVE/ STORAGE RATE

RATE =.01 {Defauh setting for DDA}
TRAD NB NE-MOD NB-NPV UIicP
ACWT 4.65 6.10 544 638 5.76
TOTAL COST 2504676  29241.83| 20400.07|  2316042] 2354296
AVG YRS RL 13.38 6.29 7.20 533 8.00
MADM
25% ACWI / 75% 1C 0.04 004 0.96 093 0.94
[ 75% ACWT / 25% TC 0.58 0.82 0.89 0.0 0.85
50% ACWT /50% TC 0.96 0.88 0.92 0.86 0.90
RATE = .03
TRAD NB]  NB-MOD NE-NFV UICP
ACWT, 5.89 7.27 637 7.69 6.44
TOTAL COST 2535620 2429205 24460.34] 2420594 2480699
AVG YRS RL 9.81 5.78 6.63 5.40 8.00
MADM
25% ACWT / 75% T1C 0.97 095 0398 0.94 0.96
75% ACWT /25% TC 0.99 0.85 0.95 0.82 0.93
50% ACWT / 50% TC 0.98 0.90 0.96 088 0.95
RATE = .05
TRAD NB] ___ NB-MOD N UICP)
ACWT 636 816 740 846 6.50|
TOTAL COST 2560064 2502885|  pea149 2500440 2576112
[AVG YRS RL 7.87 535 [X] 5.04 8,00
MADM
25% ACWT ] 75% 1C 0.98 095 0.96 0.94 088
75% ACWT /25% TC 0.99 0.85 0.91 D83 0.9
50% ACWT /50% TC 0.98 0.90 093 088 0.90
RATE = .07
TRAD NB[  NB-MOD NB-NPV UICP
ACWT 7.95 871 8.39 8.63 7.20
[TOTAL COST 2630628  25§1270| 2602352|  26043.70| _ 26818.26
[AVG YRS HL 6.65 498 5.73 472]  _  8.00]
MADM
25% ACWT [ 75% 1C 0.96 096 096 095 097
[ 75% ACWT /25% TC 0.92 0.87 0.80 086 059
50% ACWT / 50% TC 0.94 091 093 091 0.98
Mode! Ranking by MADM Results
1 [ 2 T3 T a T 8 ]
Rate = 0.01 {Default umlg__ggl_)_)___
25% ACWT ] 75% 1C TRAD UICP NB_ NB-NPV |
75% ACWT / 25% TC mAb NB-MOD UICP NB | NBNFV_
[50% ACWT /50%TC | TRAD __| NB-MOD UICP NB_ (]
Rate = 0.03 — o .
25% ACWT /75% 1C | _NB-MOD TRAD UICP _NB NB-NFY
75% ACWT /25% TC | TRAD NB-MOD UICP NB NB-NPV
50% ACWT /50% TC | TRAD | NB-MOD UIicP N NB-NPV
Rate = 0.08
[25% ACWT /75% 1C | _ UICP* | TRAD" NB-MOD NB NB-NPV
75% ACWT /25% TC | _UICP*__| _ TRAD NB-MOD N NB-NPV
50% AGWT /50% 1C | _ UICP TRAD NB-MOD NB_ NB-NFV
Rate = 0.15
25% ACWT / 75% 1C TCP THAD NE-MOD NB NEN
75% ACWT [ 25% TC DICP TRAD NB-MOD NB NE-NFV
50% AGWT / 50% TC DICP TRAD NB-MOD NB NB-NFV

* indicates modais have the same rank and are both ranked as 1.




Sensativity Analysis: |.OW DEMAND /CONCAVE /ORDER COST

RATE = 200
TRAD NB NB-MOD NB-NFV UICP
ACWT 465] 667 567 6.80 5.7¢
TOTAL COST 24614 92 22709.28 22893.73 22789.48 23015.7
AVG YRS RL 13.88 570 6.62 535 8.00
LADM _
25% ACW, / 75% TC 0.94 092 0.95 0.92 0.94
75% ACWT / 25% TC 098 0.77 0.86 0.76 0.85
(50% ACWT / 50% 1C 0.96 085 0.91 0.54 0.90
RATE = 400
AD WB] __ NB-MOD NB-NPV UICP)
ACWT 465 FaET 542 668 576
TOTAL COST, 2474770 2288004 xi077.85 2206451] 2317795
[AVG YRS RL 13.88 5.38 . €80 550 8.00
MADM
| 25% ACWT /75% TC 0.94 0.93 0.96 0.92 0.94
75% ACWT / 25% TC 098 0.30 0.89 0.77 0.85
50% AGWT / 50% 1C 0.96 087, 0.93 0.85 0.80
RATE = 800 {Default setting for DDA
. AD NB]| — NB-MOD]  NB-NPV uice ]
AC WT 4868 6.10 544 6.38 — 576
To1 2504676  23241.83| _ 73400.07]  2318043| 2354296
AVG YRS AL 1388 6291 7.20 583 8.00
MADM
[ 25% ACWY / 75% 1C 094 0.94 006 093 0.94
75% ACWT ] 25% 1C 0.98 0.2 0.99 80 0.85 |
50% ACWT / 50% TC 0.96 0.88 0.92 .86 0.90
RATE = 1200
T TRAD NB] _ NB-WOD NE-NPV UicP]
ACWT 465 __ 573 5.38 821 576
TOTAL CO81 2507928 | 2380944 _ 2377205 _ UAZd0| _ 2382686
VG YRS RL_ 13388 6.80 752 €08 8,00
Lt M
 35% ACWT [ 76% 1C 098 008 096 .94 0.94
F‘“nx‘EW‘l"‘/ 28y, TC 0.98 0.6 ) 0,81 0.85
50% ACWT /50% TC 0.97 0.9 ¢.93 0.87 0.90
Mode! Ranking by MADM Raesults
1 | 2 1 3 ] 4 s |
Rate = 200 _ _
25% ACWYT / 75% TC |__NB-MOU__ | TRAD UICP NB NB-NPV
[75% ACWT [25% 1C | TRAD NB-MOD UICP NB NB-N
50% ACWT /80% TC | TRAD NBMOD | uich N8 NB-NPV
Rate = 400 _
[285% ACWT / 75% 1C |__NB-MIOD | _ TRAD UICP NB NB-NPV
75% ACWT /25% TC | THAD _ | NB-NGA UICP NB
50-_ ACWT /50% TC | __TRAD _ | NS-MOD UicP ne NB-NPV
Rate = 800 {Detault s for DDA} _
[25% ACWT / 75% 1C MWN: AD UCP NB NB-N
[ 76% ACWT /25% 1C | TRAD | NB-MOD UICP ] NB-NPV
50% ACWT /50% 1C | TRAD | NB-MOD UICP NB N
Rate = 1200 .
‘25% ACWT / 78%- TC | NB-MOD NB IAD uicP NB-N
[ TE% ACWY /25% 1C | __TRAD B-MOD NB UICP NB-NPV
E0% ACWT /50% TG RAI NB-MOD NB uich NB-NFV

Note: * indicates models heve t.+ same rank and arg both ranked as 1,
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Sensativity Analysis: LOW DEMAND /CONCAVE /OBSOLESENCE RATE

RATE = .06
TRAD NB] _ NB-MOD NB-NPV uicP
ACWT 2.54 3.99 545 3.47 353
TOTAL COST 21881.18 20559.13 20789.88 20418.57 20569.38
AVG YRS RL 18.56 867 9.75 7.71 8.00
MADM
25% ACWT 175% 1C 0.95 093 052 093 0.92
75% ACWT / 25% TC 0.98 0.81 0.80 0.80 079
50% ACWT /50% TC 0.97 D.87 0.86 0.87 0.86
RATE = .09
TRAD NB]  NB-MOD NB-NPV UICP
ACWT 341 4.27 4.08 __4862 4.1
TOTAI_ COSY 23337.77]  21852.72| 2215685 | 2177648 2199064
AVG YRS RL 1589 728 8.27 6.63 8.00
MADM
25% ACWT [ 75% 16 095 0.95 0.95 0.93 035
75% ACWI ] 25% 1C 098 0.55 6.87 0.80 0.87
50% ACWT /50% TC 0.97 0.90 0.91 0.87 0.91
RATE =.12 {Default setting for DDA}
TRAD NB] __NB-MOD NB-NPV][  UICP
ACWT 468 6.10 544 6.38 576
TOTAL COST 2504676  73241.83| 2340007 _ 23180.42| _ 2354206
AVG YRS RL 1388 6.29 7.20 583] 8.00]
MADM
25% ACWT / 75% TC 0.94 0.94 0.96 0.93 0.94
75% ACWT /25% 1C 0.98 0.82 0.89 0.80 0.85
50% ACWT /50% 1C 096 0.88 092 .56 0.90
RATE = .15
TRAD] NB| NBMOD| NB-NPV] __ UICP]
ACWT 6.78 8.27 7.44 8.68 7.22
TOTAL COST 2674328| 2482000 2504900 2482586 2545342
AVG YRS RL 12.30 555 6.38 521 8.00
MADM
25% ACWI / 76% 1C 0.95 0.95 097 0.95 0.97
[ 75% ACWT / 25% 1C 0.98 0.36 0.93 0.84 0.95
5C% ACWT / 50% TC 0.96 0.91 0.95 0.89 0.96
Mode! Ranking by MADM Results
1 [ 2 | 3 | 5 ]
Rate = 006
25% ALWT / 75% 1C [RAD NE-NPV NB UicP NB-MOD |
75% ACWT /25% TC | TRAD N8B NB-NPV__| NB-MOD UICH
507 ACWT /50% 1C |___TRAD NB NB-NPV__| NBE-MOD UiCP
Rate = 0.09
25% ACWI1 /715% 1C | __UICP* TRAD* NB* NB-MOD* | NB-NFV |
75% ACWT /25% TC | __TRAD NE-MOD uicP NB “NB-NPV_|
50% ACWT /50%TC | TRAD_ | UICP__ | NB-MOD NB~ NB-NPV_|
Rats 1 0.12_{Default setting for DDA
25% ACWT / 75% 1C NB-MOD_—_J—WD UICP N8 NB-NPV
75% ACWI /25% 1C | TRAD NB-MOD UICP NB NB-NPV
50% ACWT /50% 1C | TRAD NE-MOD uice NB NB-NPV_|
Rate = 0.18
" 25% ACWT [ 75% 1C | NB-MOD*_| __UICP* NB TRAD NB-NV
[75%ACWT /25%7TC | TRAD | UICP | NB-MOD | NB NB-NPV
5% ACWT /50% 1C | TRAD' | UICP* NBMOD | NB NB-N

Nots: * indicates models have the same rank and am both r2aked as 1.




Sensativity Analysis: LOW DEMAND ACONCAVE /SALVAGE RATE

RATE = .01
TRAD NB NB-MOD NB-NFV] ____ UICP
ACWT 463 6.08 5.44 629 5.6
TOTAL COST 25140.99 23192.11] _ 23314.59 23090.34] __ 23445.31
AVG YRS RL 14.68 6.34 7.25 589 8.00
MADM
| 25% ACWT / 75% TG 094 0.94 0,96 0.83 0.94
75% ACWT 7 25% TC 0.98 0.82 0.89 0.80 0.85
50% ACWT / 50% TG 0.96 0.88 0.92 0.87 0.89
RATE =.02 {Defautt setting for DDA}
TRAD NB NB-MOD NB-NPV uIcP
ACWT 465 6.10 5.44 6.38 5.76
TOTAL COST 25046.76 23241.83| 2340007 23180.42| 2354296
AVG YRS AL 13.88 6.29 7.20 5.83 8.00
MADM
[ 25% ACWT / 75% 1C 094 0.94 0.96 0.93 0.93
75% ACWT / 25% TG 098 0.82 0.89 0.80 0.85
50% ACWT / 50% TG 096 0.88 0.92 0.86 0.90
RATE = .05
“TRAD __NB] _NB-MOD NB-NPV UICP]
ACWT 4.95| 6.21 ] 631 5.76
TOTAL COST 2488557 | 23506.79| J9675.48|  23491.25| 0383593
AVG YRS RL 1205] _ 6.14 7.06 5,66 8.00
{MADM
| 25% ACWT / 75% TC 0.96 0.95 0.97 0.9% 095
75% ACWT / 25% 1C 099 0.85 0.94 0.84 0.89
50% ACWT / 50% TC 097 0.90 0.96 0.89 0.92
RATE = .15
TRAD "NB] ___NB-MOD NB-NPV UICP
ACWT 5,64 _ 633 549 .94 .76
TOTAL COST 24901.78]  24554.13|  24663.63]  24894.49 2481247
AVG YRS RL 849 565 857 510 8.00
{MADM
125% ACWT /75% 1C 098 0.97 1.00 0.94 0.98
75% ACWT / 25% 1C 098 090 1,00 0.84 0.98
50% ACWT / 50% TC 0.98 0.93 00 0.6% 0.97
Model Ranking by MADM Results
1 [ 2 I 3 | 4 |
Rate = 0.01 —
25% ACWT /75%1C | NB-MOD | _UICP ] THAD NB NB-NFY |
. 75% ACWT /25% 1C | TRAD NE-MOD UICP NB NB-NPYV |
50% ACWT / 50% TC TRAD NB-MOD UICP NB__ | NBNPV
Rate = 0.02 {Default setting for DDA} .
25% ACWT 7 75% TC | NB-MOD TRAD UICP NB NB-NPV
75% ACWT 7 25% TG THAD | NB-MOD | UICF NB NB-NPY
50% ACW1 /50% 1C TRAD NB-MOD UiCP NB “NB-NPV -_|
Rate = 0.05
25% ACWT / 75% TC | NB-MOD TRAD UICP__ | NB-NFV | NB |
75% ACWT / 25% TC RAD NB-MOD UICP NB NB-NPV |
50% ACWT / 50% TC TRAD NB-MO UIcP NB | _NB-NPV
Rate = 0.15
25% ACWT / 75% 1C | NB-MOD TRAD UicP N8| NB-NPV
75% ACWT / 25% TG | NB-MOD TRAD UICF NB NB-NPV
50% ACWT /50% 1C | NB-MOD TRAD UicP NB "NB-NPV

Note: * indicates modeis have the same rank and are both ranked as 1.
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APPENDIX D. SIMULATION CODE

This appendix contains the following pascal code for the

simulation:
NAME TYPE OF CODE =~ PAGE #
- UICP_Simulator main program 109.
- toolbox unit 144,
- unirand unit 148.
- PDUnit unit 153.

- PQueue. unit 165,




program UICP_sSimulator (input,ouput);

(M 54000,0.0} (Sre} {$Ns E+) (4G}

uses dos, crt, toolbox, umirand, PFDUmt, paueue:;

Tyre quarterAriay=array [1..100] of real;
weeklyArray=array {1..1300) of real;
repArraysarray |[1,.750) of veal:
AtylntAxkay=array [1..100] of integer:
changeRealAyty = array [1..5] of treal;
changelntArry = array {1..5) of integer;
rvig2fi1eldastrang(15]:

descriptType=string(40);

const COEFFl=].380;
POWER1=0.740;
COEFF2=3.B69;
POWERZ=1.)78;
MAXPLT=14.0:
MINPLT=2.0;
ERROR=!.00000000000000E-0010;
YRSERR=H;
MINERR=5:

var wklyObserv:weeklyArray;
observ, frcst, mad, EOQArry, ROLevelArry, ERRArry,
SSADDBO, SSADD, SSOMA . meanDmdArry . varDedArry . investQty, qtrSMA:quarterArray;
ateplndArry, trndindArvy,skCodeArry:qtrintArray;
observType.d1strType, cutputType . seedtype ,wkDataType , gt rDat aType,
PhUat aType , repStatType, ERRType , anal IndType:char;

numberRep, 1, nuaberOfReps. nuaberOfQt rs, nusberOfWka, markCode, 1nit Inv, s1mCount

meanDemand, varbemand:real:

noint, ti1endOn, StepOn, nmbrSteps. nabrTrends.TWUS, orderCount : integer:
s.seedlndex, numQtr: 1nteger;

currSeed: Jongint;

inputfile,outputfile:text;

noReal, f1xERR:real;

stringval:ndB82field;

stop:boolean;

startstep., startrnd, endtrnd: changelntArry:

stepmult, trendcoeff, trendpower: changeRealArry;
hourl.minutel, secondl , hdSecl, hour2.minute2, second2, hdSec2:word;
outFileName:string;

OSHeap, BOHeap: PriorityQueueType:

ADDBO,ADD, SMA. Invest:real:

s1mADDBO. simALD, simSMA, siminvest, simOrderCount:real:
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sinteger:




ci1ADDBO. c1ADD, c15MA . cr1lnvest, c10rderCount s real ;
cithaposais. c14di sposalCount . c1EndOH, c1EndOS: real ;
varADDBO, varADD, varsSMA . varInvest , varOrdercount :real;
vat{nsposals, varlh sposalCount , varEn OH . varEnddS: real
disposalCount . disPosais,endON, andOs: Integey
si1mlsposalCoart, giclisrosals, samEndOH, s imEndOS: 1 eal;
runfesce ipt i descriftTyme:

totCost, holdfC. or AetTC. shortTC, salvTR: real;

totT etArry, holdTCAsry, orde1 TCAL Yy, shot t TCAL IY . gd ivTRAN Y :quart et Al ay;
siwTotCost, s1mHe | N, 51 w0 AR TC, $1aShort TC, simSalvTR real:
varTotCost . vario | 4TC, varOrder?Ts, varshort TC, varSalvTR: teal:
ciTotCost, ciHeldTC. crorderTC, 215n01 1 TC, 1581V TR 1 eal s

procedure Frontscreen:

begin
clrseer;
writeln:
writeln;
wiiteln;
writeln;
wiiteln:
writeln:
writels (* I T Ty Ty Y Y T
writein (' . UICP LEVELS FORECASTING LR
writein {’ . STMILATOR LD
wrateln (° . FOR CONSUMABLES )
wiiteln (° M b
writeln (° * G. C. Robrllard LT.SC )
writein (* ¢ D. €. Miller LCDR,SC b F
writeln (* * b
writeln (' . LR
writeln (* T T TR T R R T Y R T P Y Y P TR

Delay(1500); {For 1500 ma}
clrger;

end;

procedure runtype (var distrType,outputType wkiatalType,gtrlataType,
PiDat aType , repst. tType, ERATYpe . anal IndType: char;
var husberOfQtrs, nusbe rOfilks, nunberOfReps, seedindex: integer;
vor meanDesand, varDemand:real:
var numYrsOH, numYrsERR:real;
var inputfile,outputfile: text:
var frest.mad: quarterArray;
var seecds: seedArryType:
ver outFileName:string;
var tunbegceript idescriptTypel:
var dene: beolean:
i,paxStart:integer;
degandinFile: atying:

begin
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wiiteln;
writeln i *r* THIS SCREEN WILL ALLOW JELECTION OF RIM TYPE OPTIONS 4ot}
Aone:=FALSE:
wiitein:
wiitein: writeln:
wiilte {'Entes the number of rerlications tfiem | to 750} to be tun : ' };
nuaberOfReps:sGet _Integer il ,750):
wiitein:
write('Enter Run Description: "}
readin frunhescripty:
writeln:
wiitelni 'uarterly observations will be generated based cn your selectien of distiibution';;
writeln('(Poisgon or Normal] and seed selection.’);
writeln:
repeat
writeln (’Random Mumbel Generato:r Seed Selection: '}
writeln;
wiiteln (* 1 - Default array - unique seed for each replication’);
writeln {' 2 - Select seeds - max numbel of replications 1g 100°};
writeln;
write [|'Choice: *);
seedt ype : areadkey;
writeln {seedtype):
writeln;
case seedtype of
‘1°: begin
done: =TRUE;
max3tart:=2000] - numberCfReps;
wiite{'Bnter Randos Seed Start Index { 1 to *,maxStart:2,' }: ");
seedIndex:= Cet_Integer!l.maxStart):
end;
*2': began
done: =TRUE:
if numberOfReps - 100 then numberOfReps:«100;
for 1 := 1 to numberC{Reps do begin
write {'Entexr Seed value for replication ",i,’' : *);
seeds[i]:«Cet_LongIntil,2147483646);
writeln;
end; {for}
end
end
unt:l done=TRUE:
clrescr;
writeln (' t440 RUN SELECTION OPTIONS CONTIMNIIED 444
writeln; writeln;
wiite (*Enter the number of zimulation quarters: * }:
numberOFCtrs: «Get_integer(i, 100):;
nugbe rOfWks: « 1) ‘HunbesOfQtrs;
writeln;

done : sFALSE:

repeat




wiiteln (*Type of lustriburion: °j;
writeln:
wraiteln (* | - Noymal®);
wiiteln {' 2 - Poisson’):
writejn:
write 'Chojeca: ‘}:
ArstrType: sTeadiey;
wiiteln (distrType):
writeln;
cage distyType of
'1': begin
Aone: sTRUE;
wilte {'Enter quartetriy mean demand: °]:
meanlwmand: =Cet_Real10.000],999%%¢ 0;;
writeln;
write (‘Enter demand variance: '});
varbepand: «Get_Real {0.000],999999.0);
writeln
end:
*2': begin
dorie: = TRUE:
wiite {'Enter quarterly mean demand: ‘};
meanDemand: »Get_Real (0.0001,999999.0);
varDemrand: =aeanDemand;
writeln;
end
end
until donesTRUE;
frest |l ~meanDesand;
mad{1]:=COEFFitexp{POWER]*In{frest(i])):
done : =FALSE;
clrser;
writeln {* vete RUN SELECTION OPTIONS CONTINUED *e+e°);
writeln:
repeat
writeln {‘lInitial Inventory and Outstanding Reorcers Selection: ')
writeln;
writeln (* 0 - Default: Initial Inv » EOD + Safety stock’j;
writeln (* 1 - User specified lnitial Inv., No Outstanding Reorders'):
writein;
write {'Choice: *‘}):
anal IndType : sreadkey;
writeln lanalindType};
writeln:
case anallindType of
*0';: done:=TRUE:
‘1°: begin
writel‘Ente:r 1mtial inventory in years of annual desand : “});
ruRYt sOH: =Get_Rea] (0.0,1000.0);
dote: sTAUE;

end;




eni; {case)
until done~TRUE:

~Aone: «FALSE:

Aone: e FALGE:
clyscr;
wiiteln (* bevt RUN SELECTION OPTIOND COMTINUED r***°y;
wraiteln:
tepeat
wiiteln {'Type of Economic Retention Model Selection: '):
writeln:
writeln {° 0 - No econogic ryetention model uged’}:

writeln {'

Ravy UICP-B20');
writeln {' 2 - Het Benefit Mode]l'):

wilteln i* 3 - Modified Net Berefit Model'}:

wiiteln (* 4 - NPV Bet Benefit Model');

writein {* 5 - Tradition Retention Model'}:

writeln {* &

Fixed Retention Requitrement {(1n years)'‘};
writeln:
write {(‘'Choice: ‘j;
ERRTYD : sreadkey;
writein [ERRType):
writeln;
cage ERRType of
*0r..'5": done:=TRUE;
‘6': begin
write{'Enter retention vequirement in years : ‘);
naErYrsERR: «Get_Real (0.0, 1000.0);
done: 2TRUL;
end;
endt;  {case)
unt1i donesTRUE:
done: »FALSE;
clrser:

writeln (°* *¢ee RUN SELECTION OPTIONS CONTINUED *¢¢*');

wiiteln; writein;
repeat
wiiteln:
wilteln (‘Send Qutput to: 7):
writein:
writein {(* | - Screen'):
wyiteln (* 2 - File'}:
writeln;
write ("Choice: *);
output Type :wreackey:
writeln (outputType):
cage outputTyre of
‘1': begin
dome : *TRUE;

assignioutputfije.‘con’);
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enAd;
"It begin
Aone : saTRUE:
1 efeat
wisteln;
wiite {('Enter Path and Filename: *);:
readin (outF)lekane):
writeln:
writeln {‘Path and FileName entered: ', outFilelame]:
writeln;
wiite f'ls this correct? Y o1 Ni: ‘i;
unt il Get_Answer:
assignioutputfile, outFileName)
end;
end;
until rones=TRUE;
wkbataType:='0";
writeln;
write{'Inc)ude Weekly SDR Data? (Y or N): '}:
1f Cet_Answer then wkDataType:=‘1"';
qrrDataType:="0";
writeln:
write{’Include Quarterly SDR Data? (Y or N}: *);
1f Get_Angwer then qgtrDatalype:="1°;
PhDat aTyre:="0";
wiiteln;
write{'Include Quarterly demand, forecast and PDA2/86 Data? (¥ or N): *):
1f Get_Answer then PDRAtaType:='1‘;
repStatTyre:='0';
writeln;
write{‘'intlude Replication Statistics? (Y or N): ‘)
if Get_Anower then repStatType:=‘'1*;
end;

procedure RunAgain (var outputfile:text;var runDescript:descriptType:
vas ocutputType, ERRType:char;
var stop:boolean;
var nusYrsRRR:real;

var outFileName:string);

var demandInFile: string:
donel:boolean:
begin
stop: «FALSE;
clrser:
writeln {* st RE-RUN SIMULATION OPTIONS SCREEN **+*);
wiiteln:
wiiteln('Re-yunniog the sisulation will maintain the zame run-type parameters, but wili‘}:

writeln('allow the user to change the destination toutput) file an? vayy NIIN®);

wiitein('and wmode] parameters.’}:




wilteln;
wilte{ Do you wish o 1e-yun *he sisulation? IY or Ni: "1
1f Get_Answel ther begin
writein:
wlitei'Thange Run [kscription? ‘Y oy Ni: ')
1§ Get_Answer then begin
wiiteln;
wiltte {‘Enter Run Ueacription: *};
readin (runbesciipt);
end:
wiiteln:
Aone]: aFALSE:

write{ Change Economic Retention Model? (Y or N): *

1 Ger_Answer then begin

writein;

wiiteln;

donel : sFALSE:

write n:

repeat
woiteln (‘Type of Economic Retention Model Selectioh: '):
writein:
writein (' © - Mo economic retention mode! used'):
writeln (° 1 - Navy UICP-820°');
writeln (' 2 - Net Benefit Model');

wilteln {* 13 - Modified Net Benefit Model!’}:
wiiteln (' 4 - MNPV Net Benefit Hodel'):
writeln {* 5 - Tradition Retention Model'):

writein (* e

Fixed Hetent)on Recquirement {(in years}'):

writein:

write {'Choice:
ERRTY w : areacikey;
writeln {(ERRTYpe):
writeln;
case ERRType cf
*0r.."5": Copel:=TRUE;
‘o': begin

write('Enter retention recuirement in years : °*);
nuYroERR: =Cet_Real {0.0,1000.0);
donel : «TRUE;
end;
end; (case}
unti] donelsTRUE;
clrscr:
writeln {°* ¢sv RUN SELECTION OPTIONS CORTIMIED **4¢°);
writeln: writeln:
end; (if)
if outputType='2‘ then begin
wiiteln;
writel‘Change Output File? (Y or N): °):
if Get_Anpwor then begin

repeat




wiitein;

wijte ("Enter Outpu® Path and Filsname: "1

veadin (outFiieName! :

writein:

wrataln (‘Path and Fiieflame snteyed: * cutF)lelane);
writeln;

write ("1s this correct? (¥ o1 My ;¢
until Get _Andwe::

agsign (output file. outflieNage;

entd;

enn:

ent e]

and:
clrsc

end;

function

begin
if =)
it

1f

end;

-

Se Degif

stop:=TRUE;

GetMarklode (t.,oldMark:integer; frest,

then begin
froest - 0.2%5 then getBarkCode:=0;

fycar .25 and (f1cst - 2.0} then begin

if tumitPrice -= 300.60) then begin
getMarkCode :=1:

end e]lse begin
getMarkCode: =|;

end;

frest -« 2.0 thea begin

if {unitPrice*frest) »= 600.0 then begin
getMarkCons: =4 ;

end e]se begin
getMapkCode : ~2

end;

end;

end el
get
1t

=¢ begin
MarkCode: =oldMark:
ojdMark = 0 then begin
i1i frcst »= 0.5 then begin

1f funitPrice >» 300.00) then begin
getMarikCode:a3;

end else begin

getMarkCode: sl ;

end:
end:
1t frest -=) then begln
tf funitPrice*frcat) »= 00.0 then begin

getiaskCode: =4;

end eige begin

unitPrice:real) sinteger;



getMarklcde:al
end;
ent:
end:
f il AMark=lt o1 joirfBMaixs=]) then begin
it fregt c=3 then Dwgin
f fumitPrice®ficst) .= @2).0 then begin
getMaykCote:c4;
€nt eize begin
getMarklode el
end;
end else 1f unitPrice -« 200 then beg:n
getMarkCode el
ent elge :f unitPrice »= 400 then begin
getHarkCodetal:
end:
1f frest o= 0.25 then getMarkCorle:=0:
end;
if lol-Mark=l2) o1 roldMark=4) then beg:in
1f frest -« 1.0 then begin
18 {unitPrice e 300.00) then begin
getMarkCorbe: =2 ;
end else bDegin
getMarkCode:»]:
end;
end else 1f (uni"Price*frcst) »= 800.0C then begin
getMareCode:«4;
end else :¥f {umitPricetfrest) -= 400.00 then begin
getMarkCode:=3;
end;
1f fxest <m 0,25 then getMarkCode:=0;
ered;
end

erc;

riocedure InitializeArrays ivar observ, ECQArry, ROLeve]l, SSADDEO, SSADD,
SSSMA  BRRAry:cuarterArray:
var stepindarty, trndindArry.mkCodeArry: QurintArray:
aumberCL " - <. nuRbe rOfWis, numberfiep: 1ntege; ;
Searfemana: real;
var wklyObserv:weekiyArtay;
var swanDedAryy,varimdAny quartetArcay:
var totCostArry.hold™CArry.orderTCArry,
shortTCAryy. salviRAriv. invest Oty .
GUrSHA: QuarterArray!;

var t:integet:

began
for t:=] to nunberViygtrs do begin

observit):«0.0;
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meaniwwihsay (tio0 o

varlmdrryie,

EDQAL Yy it]:i=0.3:
Rolewsl tirme, ot
SSADDBO[t j:al_ O:
SRR D 0;
SSSMA(t):e0l.0:
stepindhrry{t]:=0;
trndindArryit ] =0:
BRCOSeAY Sy [C] 1 =0
1Y nuzbterRer = ! then tegin
tortCostArtyit)=C.0;
hoiATCALIyiti:=v.O:
orrer TCAz1y[* =l .3
shortTCAS1y () :=9.0;
sNVIRAITY [t ]:a0.0;
FERRArTY(t] =0.90;
invest{trit)-=0;
qrrSHAItI:ed;
end:  {1f)
end;
for t:=]1 to (numberC{Wks) do begin
wklyObservit]:=2.0:
end;

end;

procedure LoadObserv (var observ, frost,sad:quarterdvray:
var wklyObgerv:weeklyArray;
va: seanimdArry.varDmdAy ry :quarterArray;
observiype diutrlype: char:

WmberOfQtrs. mumbe rOfWR s, rephul, 3i0Count ; Integer;
var trendind, steplnd.nmbrSteps, nmbrTrends: integer:
seanbepand, varliemand:reel;
var imputfile:text:
var aeeds:peedhrTyYTYDe;
var startstep. startind, endtrnd: changelintArry;
var s.epmult. trendcoeff, trendnower: changeflealirry):

vay SS:char;
1, t, s1n. obesivieek:integer;
randnomm, cursMeanDmd, 1nitTrendMean. coeffVar, qirObserv:real:
demandinfile:string:

begin
1f {repNum = 1] and (simlount = 1) then begin
for .:=1 to 5 4o began
ptatstepi1):wl: startradiri:«0: eadtrndiz}:s0:

stermultiti:af 9; trendeceffi 120 0, tremipamer s mi.o;

el




POTSLeTs - ul:
nabrTrends: =0
end: i td
cul tHeaniwd: ape aniwmand
contfVa; :wpqtt ivar fiemand: /e anlesandt;

a1 tiel to ouwmoeiOfQUis, o Lagin

a0 and nertiuk x 1) and rsimCountall Thén Degirn
R Bl A
wiiteln:
wiitel'Uic you wish te vary pean Jemaw) rate over time? Y oy N)- '}
f Ce*_Answer then tegin
SGiwN'
steplnd:ad;
trentinti:«0;
clrscr:
writeln:
wiiteln ° *os Mean Demand Variantsg *°*° Ths
writeln:
wilteln (*You have the option to vary sean dedand rate over time. It the normal*):
wIiteln ("AIstribuTION was selected, variance wiil alsc change to maintain your'):
writeln ('criginal variance to mean ramio. Yo' may choose between ster change’);
writeln ("or trend or any combination of the events. If aore than one event 1s8'):
writeln !‘chogen to occur at the sade Tike, 3tep champes will occur first.’):
wiiteln (*A maxisus of 5 cccurances of each event 13 allowed.');
writeln:
ISR S
wiite (Do you stlll wish to vary smean demand rate over time? (¥ ox K): '};
1f Get_Answer then begin
S5:="N7;
clysey:
writelntl” ¢ttt Step Chanpes Scresn ***°};
wrateln:
write (U0 you wish (o have 3lep i1ncreasses or decreasea? (Y or N): ‘)
1f Get_Answer then stoeplnd:sl:
1f stepinds] than begin
writeln:
write{"Enter the nusber of steps changes desired (max 3): °);
bz Steps: siet _Integeril.S);
writeln;
writelni'The step functiion 12 of the form: Meanit) = A * Meanit-1).°):
writeln( You must specify the value of *A® for each step.'):
®in:sl;
fo; 1:sl ¢ nebiSteps do begin
writela;
writeln (*Step *,1,°:*);
writeln;
write {(‘Step quarter: °):
startstep|il:sCet_Integerimin, nunberOfQtrs);
writein:
write {(“Step Muitiplier A): ")

stepmalt |1]:+Get_Realid, 00001, %9%% 0]
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wpptelin:
Rif:=STALY20ef (1|
L% H
L aH
clizer”
writelin:® **4 Tremd Setting Loreen *UC);
wtitein:
wxite {'In you wigh to hawe trends? (Y or Ni:"j§:
1f Get_Answer then treseilnd:sl;
1f trerilnds! then began
wiitein:
writei"Enter the rnumber of tyerw! rericiy desired rmax 5i: "l
narr*renis:xuer_lnteger 1l .3
writeln:
writeln: "The tiend function 33 of the foam:
wiiteint’ Mearit) = InjtTiersMean * - | o A * {0 "t gy
wiitelnt wheie ti0) 15 seset to "1* at the deginning cf =ach tisir! pwriot’ -
wiiteln!’and InitTrenddean i1s the Mean ot the beginning of the trend reriod. )
writeini Parameters A and 8 must e specified for each trend persod.’i:
minzal:
for 1:=1 te nmbrtrersds Jdo begin
writeln;
writeln (“Tresd *,3,°:%);
writeln;
write (*3tart quarter: °}:
startrowif i} :wGet _Integerimin, nusberOfOtra) ;
wiiteln:
writle (‘End quarter: *};
endtrndi ] =Gt _lntegrristartend]i], numberOfQtrs);
writeln:
write [*Trend coefficent tA): *j;
trendcoef f{1) :=Gaet_Realt-9999.4,.99%%.6);
writeln;
write {‘Trend poser (B): *}:
trendpowey (3] csCet_Real (-9999.0,9999.0);
writeln;
mneendtrvd(ijel;
end; {for}
end; {1f trende})
end; {if getans}
ond; {1f getans)
end elge 1f t = 0 thes begino
af S3«'Y' then begin
neanDdArry [t ] 2 sompanDemand;
of distrTypws‘l' then begin
varDmdArry it ]:svarDemand:
v elsr begin
varDmdArry [t ]: =cur riteanDow
ond:
erd else began
if stepind = | then begin




far 1:el €C nmbrSteps do begin
1t * = startstep{r] then curifeaniot: sgtepmuls (3] "currMeanisst;
end;
er;
1f trendind » | Then Degin
foy 1:al - rebiTrends As begin
1t o« startintl; then initTren-Pean:scuriMeanisi:
i 9t -e stastendinl) and 1t ca enrdtrndAfsll then bDegin
currMeanimd: sinitTrendbean’ 1 fotrendcosf {11
terpitiendpomer{i]tintt-startend{iiel) )il
3f currMeandwst ¢ G0 then curp¥earndmd:sd O
end;
end:
envi;
weranDmdAr ey {1} mCuryMeanioe:
1 AdistiTypesTic then begin
vailmahryy{t] =2 (coeffVartcui iteanled) :
end el3¢ begin
vayDedAt ry [t ] : =cur rMeanDit;
end;
ervl;
1f distrTypeat]' then begin
1ARNOFR: sGetRoymal ;
L TOBgery: eyound ineanDEdArry [t ]+ (randnorwt sgrt ivarDedhrry {ti) 1 };
1f qtrObserv « 0.5 then qtrObserv:sd.&4;
fer 1:=) to roundigtrObserv] do begin
cbservideei: =GetlUni formint 11))
wk )| yObgesvit-1} *Eleshaervieek) =
wkiyCbserv|it-1]°1lahpervideek]s!:
L H
envd {21}
else 3f drstrTyyws’2" then begin
G rObaery : wlat Pol sson tneandmdArry {t 1) ;
for 1:s! to round(qtrCbeerv) do begin
obeerviieek: *GetUni forsint (13);
wkiyObservi(t-1}*13echservileek]:=
wiiyObsere{{t-1}*1)scbaersdecik}+1:
end:
end: {else}
obeerv[t]: ~qurObserv;
and;  ieloe s f)

end; {for)
clrser:
enri:

procedure Porecast (ver obaery. {roxi, mad:quarterArray;
var Ftsplndirry. tradlodArty. mkCodedrry: qirintArray;
aumberOfQtrs. repibun: 1nteger; umitPrice:yeal};

const ALPMA=S.}:




STEPB AR iws i
STEPBCRE ey, " :

VAl YR, iowel  gus . sAEDieMean, zampieStAlwv, stlwyToMean:yea):
urlnd . Acemind. steplmd, trendlnd, tyenRi
trerelm, t. 1. ). W, 3. table:integer:
renfTert, lowbepand: boclean:

Lrgin
wiiteln: kunning Replication & ' rerdiaa!;

BEI>RYIY T rupetBar kTt
indie rdrwmindc= -
$or trel v mmberTfit:is A Degin iZo®rute Jueitetiy fcrecast)
loselieman: «+FALSE;
trendint: =0:
stepind:al;
il rexCodehrtyit-1] = U or (mkCodeArrylt-1] = 11 ot tekCodeAy sy (€-1] =2} then lowliepand:=TRUEL:
i lowDemand then begin
UFpver c = STEPBAND] * frost {v-1]:
tower:=0.0:
end slse begun
ey t=fregtit-3) 1,25 mad |t - 1) * STEPBCAREG ;
lower isfrcat {t-1]1-1,25mad[t~ 1) STEPBONEZ ;

1! (lowiemand An® tobaervit-1l! - S} e
tiokservit-11 - woyper) and (coservit-1] -« lower)) then begin
wint:e0:

Ao lvediwd;
freat (t]:-ALFHAobServ[t-1)s (i-ALFRA)*frostt-1];
-aditl:-Al.ﬂll‘uhc(nh-twi(-l]-!rcnxt-”))ﬂl-ﬁl.my'sad(t-ﬂ:
end eise begin
st {tobservit-1] » wper] and (upind«l}} or
{{observ(t-1} . lowes} ant (dowmindsi}} then begin
1t v -4 then beg:in
ncn(tl:-mburv(r-H-cborn[t-J]-oboervlt-:)mbaervlt—ll)/l:
end else 10 t = 4 then begin
frcstit] s (observit-3jecbaerv(t-2) cobperyit-1}}/4:
end else 1f v = 3 then begin
fresuit]:e(cbaervit-2] ccbservin-1])/2:
endd;
1 freetit] = 0.0 then madt]:a8.0
elge mad|t):=COEFP] ‘exp | POWER' *In(frest {vl)};
stepind:al;
wpind: =0;
downlnd: <0
end elae bagin
3f liobswrvit-1} - upper) and (upind=0}) tiven egin
wpind:ul;
frostitj:=freptiv-1]:
sadit]rsaad|t-1];
eyt eloe begin
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if ((observit-l, - lcwer and jdownindeCl: then begin
downind:=];
freevic)safrestit-1):
mad{t] ramad|t-1];
end;
endi:

end:

end;

(1 -4} arvd (gtepipndsd! then begin {Conduct Kemvixill Tremr! Teszt)
sum:=(.0;
i % <= W then begin
for s:u} to t-1 <0 begin
SuBm:xSumeObgesvii];
end;
sampieMean:azum/ (t-]);
sum:=0.0:
for i:a] te t-1 do beg:in
SUR:ssum+SIr (obsery (1] -sampleMean);
end;
sagnleStAlev: st [SuE/ (T-2))
en? elge begin
for 1:=t-§ to t-} dc begin
Sum:ssumeobgervii};
end;
SaRpieMean:=sun/¥;
swas=0_0;
for 1:=t-% to t-1 do begin
suin;: ssumsaqr (observ (] -sanpledean) ;
ond;
sampleStadDev: syt {gum/7) ;
end;
1t sampleMean - ¢.¢ them bsgin
stdDevToMeAn : «zamp l ST ADev / samp | eliean
end else begin
stdDevToMean: =99999 ., ¢
end;
seriTest:=falne:
if (sampleMean -» 1.0) and (stdDevToMean «= 1.75) then begin
ReniTest :strue;
it stcDevToliean - 1.0 then begin
tabie:ed;
end else begin
table:=22;
*nd;
enrt:
if {isampleMean = 1.0) and {sampledbean - 3.0)} and
{stdDevToltean - = }.75) then begen
KendTest :atruve;
31 steiDevTolMean - 1.25 then begin
table:=):
end elss bgin
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table:=2;

ent

L H

1t

tisamgieMean . v 125) and (samp]eMean -

tstclevToMean - = 2.00) then begin
kendTest:etiue:

table:=2;

end;

1 f

kendTestatrue then began {Cenduct

LAt H

1f IgampleMesan o= 3.0 and {saspleMean

1£ | atilavyToMean - 0,30} then W:icun:

end;

-

1f istdDevToMean - 0.%2) then Wixg:

it (stilevToMean « 0.2H) then W.xd:

endd;

1f izaEpledess -x 26.0) then begin

1f (gtdDevToMean - €.53) then W:iap:

1f (stdDevToMean - 0.28) then W:ed;

end;
1 W - (t-1) then Wiai(t-1) dav 2)°2;
S:=0;
for i:={t-W) to (t-2' do begin

for 2:s{1+1} to {t-1} do begin

isampleMean -= %.0] and {samp]eMean

1.8Y5

G9.03

20.0)

1t obseiv{i] . cbserv{j] then S:»S+]:

1f observ(i]) - observ(3] then 5

end;
end; {fo1)
i{ table = 2 then begin
if W d then begin
trendUp:wd: tyendin:s-4:
end;
1f W = 6 then begin
trendilp:=9: trendDn:=-9;
end;
1f W = @ then begin
tiendUp:=1l; trendDn:=-13:;
ond;
end eige begin
1if W = 4 then beyin
trenddpr=b; trendDn:=-b;
end;
if W e & then begin
trendUpiall; trendDmi=-11;
end;
if W = ¥ then begin
trendip:sle; tyendbn.s-jle;
end;
ervd: (2 f)

trendind:af:

:w8-1;

and

Kendall S-Test for Trend)

then begin

then begin

{Compute Ketda)l 5-5Stavistcich




if & = trendlp then trendind:aj;
if 5 «e trendin then trendind:at:
1f tyendind =§ then begin
sum: 0. 0;
for 1:={t-4] to it-1) do begin
gup:egum+sbiervia}:
and;
fresct] i=gun/d;
1f frestit] = 6.0 then wad[t];=0.0

elge mad{t] :aUOEFF) “exp (FYWERI*Inifrest{t]});

eni: (1f})
end: (I}
end: 1§}

pkCodeArry [t :=yetMarkCode (t.mkCodeArrylt-1],frestit] vnitPrice);
stepindArry{ti:satepind;
trndindAtry (t] satrendlnd;

end; {for}

eni;

procedure LoadLevels (var fr:st, mad, observ, EODArry, ROLevellrry,

SSADDBO, SSADD, SSSMA:quarterArray;
var mkCodeArray;qgurintAryay;

var numberOfOtrs: integer:
ProBriPt:integer; meanDesand:yeal;
riDataType: char)

var A02IB,BRLDC,BO11A,BC19A,B023,BOZID. BU7) M, PPV, 5019, B0O21, BRLDTU: real;

PDE2str): stringl{24);
POB2pt: 2, PD8Zetr). PDE2styd, PDR2str5, PDE2stro, PDE2str7.
PDBZstr®: strangf255);

POBesrrl: strang{24};
POESstr2, PDSostrd, PDAostrd. PDBstrS, PDBsstre, PDPEst1?,
POBGstri: stringl255i;

PDE6atrd: string{sd};

intile, cutfije:text;
LIVar:real;

t:integer;

begin

for t:=1 to numbe:0IQtrs do begin
gotoX¥il,J):
write! 'Quaiter § ', t};
assign (anfile, 'pdBRZan.fil’');
reset (infale);
readiinfile, PDB2strl, PDB2stz2, PDR2Etr), PDS2stra. FDIIstyd. PDE2atre.
PDE2str7, PDE2stré);
close (infile)};

BO23D:=trest(t]): {current guarterly forecast}
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AG236: emeanTiemand;
1f t-4 then begin
AU23B:=tobserv(t-4]sobserv(t-Ileobservit-ZisobBerv|t-1})/8;
#nd else i1f t s 4 then begin
ALZ3B = iobservit-3]sobgervit-2]sobservit-1ii.3
end «ize ;f t &« 3 then beg:in
AOZiB:=iobgervit-Zleobservit-1j1/2;
end:
1t AD2IB = 0.0 then AR23B:s].0;
strTemp: =copy {PD82str2,4v,15);  BOllA:«StringToReal (StiTemp);
B023C:«BO1IABO2ID:
PPV: =BO23C;
delete (PDB2str2,1,15):
insert (NumToStling{AOZIE),P¥Zst12.1);
deiete (PW2sty2, 121.1%):
insert (Huxl ring (B0230) . PDE2str2, 1210
delete (PUE2sTIZ,106,15):
insert (NumtoString (BO23C),PDE2stz2. 108);
delere [PhB2strS,91,15);
ingert (NumToString(PPV), PDB2atr5,%1);
M:xmkCodeArryft]; {current mark code)
dejete (POB29trd. 241,15):
insert (NumToStringiM).FDE2strd,241);
1f {mkCodeArry[t] = 2) or (mkCodeArry(t]i=#4) then begin
LTVar:=1.57*B01]A;
BOISA:=BOLIA® (s (mad{t ]} 1.57)«(aqr{frcatft]) ) *LTVar;
envt elge begin
if ab®{B023C}. ERROR then BOXIC:x0.0;
1f BOZIC+0.0 then begin
BOISA:xD. 0
end elte begin
BO19A: «CORFF2*exp (POWER2* 1n(B021C) )
end;
emd:
delete (PDE2mt12,76,15):
inrert (RuaToString (BO19A) , PDE2str2.76):
1f ekCodeArry[(t] = 0 then begin
BRLIC:a4;
el else begin
3 proBrkPt = ¢ then begin
BRLDC: =5
end else begin
1f BO2IC - proBriPt then begin
BRLIC: =4
el else begin
BRLDC : w5
endd;
end;
erdd;
delete (PDU2st1rZ.le.15):
ingert (NumToStiing (BRLIX)  PDE2staZ, lv);
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C e, 4 o m e e eem s - O

a2z1gn foutfile. 'pdf2an.f11%);
vewrite itoutfile);
writelnioutfile,PD82styi. PDB2str2, PDH2at:), PDB23trd. PDE2strS, PLB2stys.
PDE2st1T, PDO2stYEY:
ciose (outfile):
SwapVectors:
exec (‘A \ulcpP\PPLMIKRO.¢xe”, ' \uicp pdB2an. 1] pdlzour . fil * 3
SwapVectors:
1f DogErroy ¢ - U then begin
wrilteln:
Soundil20):
Aelay (300;;
NoSound:
writeln |'Uos error &', DosError};
HitToCont:
end;
assign lLintile, "pdB2out.fal");
reset (infilei;:
read(infile, POEZstrl. PDE2sta2. PDE2aty], PDE2sird, PDEZIstrs, PDE2stire,
PnEZsts?, PD82atr8l:
close (infile);
strTesp: xcopy (PDE2str7.196.15): BI1Y9:aStringToReal (StrTemp);
ROLeve lArry [t]:=BO19;
st Temp: -copy {POE2ety?,226, 13); B021:=5tringToReal {StyTesp):
EQQArYyy{t):=B021:
atrTemp: »copy (PD82str?.121,15); BRLOCU:sStringToReal (StrTemp);
1f FDDataType » '1° then begin
In1cibgeFile:
SwapWectors:
exec {'ad: \UIcP\PPDREKR4.exe’, *d:\v1cp pdBsin. fil pdleout.fil * }:
SwapVectors;
if DosByror < - O then begin
wiitein;
Sounxi1220)
delay (309);
NoSound:
writeln {*Dos srror #', DosError);
HitToCont;
end;
assign (infile, ‘pdfecut.fal");
reset {(infile):
read(infile, PDGestrl., PORGatr2, PDBestrl, PDEGstr4, PDRestr5, PDlsstit,
PDBGstr?. PDRestrf, PDRGatry);
close (infile);
strTewp: acopy (PDEost12,100,15); SSADDBO(t] : =StringToReal (51rTenp);
strTenp: =copy (POBEatrH,181,15); SSADD{t]:=3tringToRkeal [St1 Jemp):
strTesn: acopy (FOBostrE, 190,151 ; SSSMA[t] :=StringToResl (St1Temp):
end;
end;
oend;
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procedure CosputeBRR ivar ROLevelhsry,EOQAryy . froet . Mad, ERRAYIY :cuarterhrray;
var mRCodeAriy:mqtrintdyray:
var qty , OHCus) .disPosals,disposalCount .  ptilispose: integer;
ERRTYpe: chal
unitPrice,order1Cost  holdfrac, shorrCost . saivRate.

PLT.obsolhate . d1scRate . num¥i1sERR . m1iEssanti1aal )

var W1l W1 ERR,TZeso.dummy:veal:
PStockfut 2. LT, LTVar , si1gmalTD . prAfZ, probShort , exnShor t: real:
fOD1Pr1meOlT. fPr1meOfT, ™. Tnl.: . k. P.F.K.O.C.Ps. M.t  deltaireal:

begin
case ERRTYyD* of
*0': begin {no disposal)
ERR: «QHCur :
ERPAVIy[qtr] i =ERRAITY(t1] + O:
endi: { caze G)
"1': begin fuicp)
Wil:x & * frcetigqtr}]:
Wi:zz YRSERR * Wii;
1f WI - MINERR then ERR:=WI
¢lse ERR:=MINERR:
ERRArrylqtr] :=ERRAYYY [guy] + YRSERK:
end;  [case 1)

*2': begin [net ben}
1t (frestiaqtr) - - 0) and (EOQArrylqtr) - -0) then begin
TZevo:=i{{unitPrice - {unitPrice * salvRate}
lorderCost / BOQArry{qiri)} / ilumitfrice ' moldFrac)) +
(EOQAstylgta]l / (8 * frcstigeri));
ERR:»TZ#ro * 4 * frestimy]:
ERRATTY (qTr]: «ERRASTY{GEY) + TZere:
end  {1f}
else begin
ERR:=1;
ERRArry [gtr]: =ERRASIYlgtr] + O
end; {eise)
end: {caze 2}
‘3': pegin  {mod nb}
pStockOut i m{holdFractunitPrice)/
{{holdFfrac*unitPrice}s (shortCost*m:lEgsent});
2:=Zinv(pStockOut):
LTU:nfrcst {qur] *PLT:
1 (mkCodeArrygtr] = 2) or (mkCodeAsly{qtri=4} then begin
LTVar:=1.57PLT:
2gMalTD: seqrt (PLT® eqrimadiqrr]}*L.5T) e (sqrifrost (gex)])
‘LTVar}:
err] else began
if abs(LTD)-EMROR then LTD:=0.9;
if LTue0.0 chen begin

SigmalTh:«0. ¢
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*n else begin
#1g@al T =2t (COEFFR *eap (POWER2* 10 (LTD' ) "
e
end;
T =2pAf12)
Prooahort i=utNotmal (2) ;
expShort : « (LTD - ROLevelAriyiqty])*piobShert + sigmalTDep=if2;
1f ifrestigte] - - 0} and (BOQANTY{qUrl - -0) then begin
TZero:={unitPricet{]-salvRate)l /a1t Prace holdFrac) »
EOQAYIyimtyl 71244  frost gt}
iorcde1CosteshortCost *expShart) 7
(ROQALIY 3t j*unitPiicethoidFrac)
ERR:sTZero'4*f1cst{qts):
ERRRry[ar) i:=ERRAy 1y {qt2] « TZe1o;
end {1f}
#lse beg:in
ERR:x];
ERRAryy Iqur]:=»ERRArry (qtr] « O;
end; {else}

ewl; icase 1}

‘4": begin
1i=infRate; k:ediscRate; F:=unitPrice; F:aholdFrac:
Q:=BOQArrylatr]: R:=4*frcstigts]; Ci=orderCost; delta: «¥0000;
Pa:wunitPricesaivRate; Mixg frestiqgtr) ‘rumfrely;
1f {frestiqty) - - €) and (BOQArry{qtx] - - 0) then begin

t:={iunitPrice - junitPrice * salvRate) +
iordercCost / EOQArty|qtr})) / {unitPrice ' holdFracl) +
{BOQArryiqer] /7 (B * frestigerl));

Tn:et;

dumay: = {explili-K}*Q)/R)-1};

fDb] PrimeOfT:s);

while tdelta »0.01) and ichamsy - ¢) and (Tn » ERROR)
and {abs{fDblPrimeCtT] - ERROR] do began

fPr 1meOET:a( (POPFOR)/{2VK) ~ (POFPC*R) /2) *exp(-kot]s
EPOF*Q) /24 (PO 1 ~K)oCo{a-k}}/
(eupilit-k}*Q}/R) -1} *exp(ii-k)*t)
~Pa*R-{P*F*R) /(2 k}:

tOLIPraAmel T =P P R [ (RSt -1} /2) ‘expi-k't) o
(APCF O  (1-k}}/2+ (PO ' mria-k) «Congqrii-kii/
texpli(1-k} *Q}/R) -11)* explli-Kk)*t):

Tnl:eTn-fPrimeOtT/{Db] Py imeOIT:

delta:=abs(™l-Th);

t:«Tnl;

Tn:=Tnl;

chummry ;e (@XD({{1-E} 50 IR} -1);

end;: {while)

if Tnl - ERACGR then Degin
ERR:=Tni"4 trcst qtr};




ERRATYY [t 2 | :=ERRATEY(JtT] + Tnl:
e {1f}
else tedin

EkE:sl;

ERRAIry [Nt1 ] :wERRAT Y[t » O;
end: {elge)

end  {if}

else begin

ERR:=i;
ERRArry lqurj:=ERRAXTY{qtyx] + 0;
end; felse}
e {case £}
‘8 : begin {t1art}

Tiero:=ln{{salvRate’ frdiscRatescbeclRate) sstorRate (1-obzolRate)
tl+dxscRate] )/ (riscRatesobaiRatesstorRate”
({-cbsolRate)*(l+drgcRate}) [ 1/Ini1l-obsclRate;’
tisf1scRate}};

ERA: aT2erc*d¢ frestiqtrl;

ERRAFry ! qtr:=ERRATTY [Gtr) » TZero;

end: {case 5}
't : begin {Fixed)
ERR: anulYrsERR*4* freae {quy):
BRRAXryiqtr):=EMRATry {qtr] ¢ aumYrsERR:
end; {case §)
end;  {all cases}
1t ERR - MINERR then ERR:=ERR
¢ise ERR:aMINERR:
i€ ORCurl - ERR then begin
disposalCount :=disposalCount « I:
AitPosals:~disPosales + (OHCurr - rounc(ERR}}:
qUiDispose: =OCurs - round(ERR);
ORCurr: sround {ERR} ©
end; (1f}
end; (computeERK}

procedure SUR[var OSHeap, BOHeap: PriorityQueusType:
val whklyObserv:weeklyArray;
var EOQArry . ROLsvelArry, obaerve, froeot  BRRAXFy ipuarterAiiay:
var nupbe:iOfQtrs, 1nttlnv, crderCount: integer;
var disPosals, digposalCount: integer:
meanDemandd, rat 1 5PLTSTIM) unitPrice, orderCost. hoidFrac:reaj;
shortCost, salvRate, PLT,cbgolRate . discRate:real:
var nusYrsERR, muaYreOh:real:
m1lEszent i real;
var TWUS, sndOH, end0S: i nteger;
var ADNBO,ADD, SMA, invest:real;
wiDat aType , gt rDat aTyps . cut put Type , ERRType, anal Indtype: chay ©
var totCost,ho!diC, order T, shortTX. salvTR:real:
vay totCostArry. holdTCAYTY craerTCALLY, shertTTANL Y,

alvTRACSY ., tnvestQUry gt rSHA: jparterArray)
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var wklySl wklySh:atayecerd:;
ARUBG. AntRecv. 1 ece Pt  wEiy[misand, dste. initOiderc, 1ait08 integer :
wk. T r.8:2¢03, 512eB0. qtilhishose  aunberOs, Aay s INTeger;
ranidncim, 1 andPLT, wk Ly invess (gt Invest 1eninvest tecidetTame 1 eal:
tlagl, flag2:boclean:
POF1)) . AmdTot, O0Tot , 05Cus 1, BOTot ,BOCu1 1 .OHcur: .OHPrev. iPcury, IFPrev:intege: ;
B0, cumRO. CumlC . cumSR, order Intervalireal:

startint, intlength:real:;

o bwgin
SstSeed(seedArry {nuaperRep};;
OSCurr:=C;
O3Tot :=05Cust ;
instlnvixzountinusYsOH ' trost [1]4) ;
lnitializePriorityQueue (OSHeap): InitializePrionityQueus (BOHeap):
if analindType a '0' then begin
sprtinv:=yound (EOQRTIYil} + RCLevelhrryll)-frcse{1]*PLT):
numberOS: =round (PLT/ {EDDAryy (1] /frcst i) )
1f nunber(S < - 0 then begin
for 1:2 1 to number0S do begin
wklyO5.Qry: cround (BOQRrry!1)};
1t (PLT - {1-1) * (BOQAray(ii/frestil})}) - 0 then begin
day:r=round{PLT - (i-1} * (BODArry{l)/frest{i)}) * 13 + §;
wk ly05. Week: aday
InsertPriorityQuene (OSHeap, wklyOS);
O5Tot:= OSTot « whlyOS.Qty;

OSCury:» O5Cury +» wkliyO0S.Qty:

end; {1f)
end; |{for}
end: {1f)

erd; (1f analind}
1f (gtrDataType = *.') or (wkDataType = ‘1') then begin

writelnqoutputfiiel;

writelnioutput file. *SOR Data Initaral OH Inv:is *‘.1mitinv.* Initial On Order:= °,0Scurr);
writelntoutput f1le, " ----- R e L D LR R R R LEEEE LD TR tis
end;

OHCurr:=tmtinv:
ChiFrey: =OHCurr;
BOCyr =i
veplnvest:= 0.0;
BOFill:a O

TW3S:= 6;

cuxfil:=0.0;
cusRO:=0.0;
CumRHC w8 0;
cupiR =90.0;
dedTot:20;
SMA - 0

b,

BOTot : =0:
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AisPosale:ad;
dispogalCount :ul;
1PCut1 ; »CHCUrr«OSCur-;

IPPrev:={PCury;

for Agtr:x | to numberOfOtis do begin

3 wkDataType s "1' then begin

wiitelnrout, utfile};

wiltelnioutput frie "OTE W REC DEX BC 0OS OH 1P ORDXINT OST BOTOT  IWUR',:
end;

Tty invest:= G.0:
Jurlispose:a0;
wklylnvest:= 0.0;
1f (analindType = "1'}) and (qQty = 1) then
Comput ¢ BRR (ROLeve lArry . BO0ATYTY  froet , Had, BRRAr Y . BKCOdeATTY . gt T,
OHCury . disPoaals,d1sposalCount, gtrdispose , ERETYyDw .
unjtPrice,orderCost  heoldFrac, shortCost, galvRate, PLT,
obsolRate . discRate, num¥i oEAR. w1 1 Exaent) ;
1f (anallndTyps = "7} arvd (qtr = - 1) then ERRArry{qtij:=o0;
it ({latrsl) mad 2) = 0) and lanallnd™ype = 'O’} then
Comput ¢ERP iROLeve lATTY , ECOAI vy, frost . Mad, ERRATYY , mkCovleAs 1y, qt1.
ORCurr, A1sPosaiz. i sposalCount , qerDisoese , ERRTY e,
unttPrice, orderCost ,holdfrac. ghortCost, salvRate PLT,
obsclRate. dischate, numYrsERR , »i 1Essent ) ;
f (tigtrel) med 2} <. 0} and {anallndlype = '0°) then
ERRATIY |ix] i=BRAAFIY (qtr-1§;
far wiix 1 to 13 do begin
% lyDemand: sround iwk iyObserv [date} ) ;
AntTot te AmATOt « wkiyDemand:
vereipti=0:
AmtRacv:iel;
amiBo: =
wklyBC.Qty.=0;
wkyBC. Weekudate;
wklyCGS.Qty:aQ;
flagl:=FALSE: flag2:=FALSE:

1f not (EmptyPriorityQueue (OSHeap)) then begin {receive)
repeat
it Currdesek (QSHeap) = date then begin

amtRecv: «Extract{ty 